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FOREWORD 
This report, containing results of the Study of Integral LaWlch and 
Reentry Vehicle Systenls, is submitted in accordance with Co:i.1tl'act 
NAS9 -9205 to the NASA Manned Spacecraft Center, Houston, Texa.s, by 
the Space Division of North American Rockwell Corporation. The NASA/MSC 
contracting officer representative directing the study was R. H. Bradley. 
This document, Volume V of a five -volurne report, d(~fines the 
Operations a.nd Resources for the two-stage reusable logistic shuttle 
vehicle concept investigated during the second phase of the program. 
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1. a INTRODUCTION 
Future space exploration will be constrained within a limited budget 
and will benefit fro111 the developn1ent of an economical logistic system. 
NASA, therefore, is directing investigations of reusable logistic vehicles 
that offer potential luajor operational cost reductions compared with costs 
of current systems. AlTIOng these investigations is the Study of Integral 
Launch and Reentry Vehicle Systems performed by the Space Division of 
North A1TIerican Rockwell Corporation for the NASA Manned Spacecraft 
Center, Houston, Texas, in accordance with Contract NAS9-9205. This 
doculuent contains results of design, performance, and resource studies 
accomplished during the second phase of the program. These study results 
were presented in the final oral review at NASA MSC on 5 November 1969. 
1;.i" The contract was negotiated on 31 January 1969, and activity began 
on 3 March 1969. The study schedule reflects eight months of technical 
activity and a subsequent reporting period. The n1ajor objective of the study 
was to define logis:tic systems that achiev~ an order-of-magnitude reduction 
in r~curring costs and that advance inherent safety. The program was 
divided into two phases: the first phase was two months in duration and 
encon1passed comparison of logistic vehicle con.cepts using expendable 
boosters. The second phase encompassed investigations of a two-stage 
reusable vehicle conceived by NASA MSC. In the study, vehicles were con-
figured to deliver 10. 000-, 25, 000, and 50, OOO-pound payloads to a 270-
nautical-n1ile, 55-degree-inclination orbit. Vehicles to deliver 25, 000 ... and 
50, OOO-pound payloads were designed to provide the following cargo bay 
1.) iz e s: 
Payload (lb) Cargo Bay Size'3 (ft) 
. ' 
25,000 15 x 30 
25,000 15 x 30 
'. :1 25,000 12 x 48 
50,000 15 x 60 
50,000 22 x 60 
En1phasis was placed upon the vehicle design,ed to deliver the 50,000-
pouna payload with 15-foot-di:uueter by 60-foot-lerigth cargo bay. The 
systC111 has two reusable stage!:> with fixed low-sweep wings and sin1ilar 
aerodynamic shapes. The propUlsion Syst~111 uses L02 / LH2 propellants 
with high-chan1ber-pressure bell or aerospike engines. The vehicle is 
,'. 
1 - 1 
SD 69-573-5 
-------=.~----~ ....... ----------------- -~-.~-----
": :" 
!! 
, ":i' 
.'~ 
. '" ~ 
:, ~ 
" 
{' 
•• '. t 
I 
" 
:.. ~ 
" 
, 
'" 
't Space Division ~ North Amencan Mockwell 
configured for vertical takeoff with the orbiter mounted forward -;::m the 
booster and the booster and orbiter engines operated sequentially. The for-
ward orbiter location provides a forward center of gra\iity during the ascent 
phase of the mission and thus achieves an aerodynamically stable configura-
tion. This arrangement minimizes the thrust-vector control requirement, 
angle of attack, and aerodynamic loads. BecausE:' a n'lajor requirement of 
the logistic vehicle i's to minimize operational costs, it becomes necessary 
to provide a reusable thermal protection system. This objective makes it 
desirable to limit temperatures experienced on the vehicle during reentry. 
The approach adopted in the vehicle study was to minimize vehicle heating 
rate upon reentry by reentering at a high angle of attack with high-lift coef-
ficient and low-lift loading. This reentry m.ode combined with the large 
planform area results in a low heating ra.te and low total heat load . 
The booster element of the specified vehicle must cruise back to a 
land-landing site after separation from the orbiter. For this purpose, turbo-
jets are used for the cruise phase of the mission. The subject vehicle 
configuration achieves a high subsonic lift-to-drag ratio (LID) to provide 
efficient cruise capability and low landing speeds. 
The study indicated the feasibility of the two-stage reusable fixed-wing 
concept. Further design and dev~lopment of the system and technology 
advancement are required in certain areas. Areas of development that are 
critical to establishn1,ent of a low-weight reusable system are the external 
structure and the external and internal thermal protection systems. 
Current programs encorp.pass development of a high-chamber-pressure 
bell engine and an aerodynamic-spike-nozzle engine. The program to develop 
the main propulsion system must be continued to facilitate development of 
the subject logistic, vehicle. Further development also will be necessary for 
the oxygen/hydrog~n reaction control system. Another major area for tech-
nology advancement is demonstration of the reusability of the logistic vehicle 
with minimum maintenance. 
1-2 
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2,0 SUMMARY 
This section summarizes the results ot operations and resource 
analyses performed during the second phase of the study. The operations 
and resource requirements are defined for the two -stage, reusable, fixed ... 
wing vehicle, configured to deliver a 50,000 -pound payload. The vehicle 
sumlnary description is presented in sections 7.0 and 8. O. 
An analysis of the baseline shuttle vehicle and the developrnent of a 
m.anufacturing breakdown indicate that manufacture of developme!;nt hard·· 
ware will extend over app:t'oxirnately 4-1/2 years. The total manufacturing 
prograrn encompassing fabrication of six flight vehicles at a rate of two pelr 
year win extend over approximately 7 -1/2 years. Significant rnanufacturing 
pro gre s s will be nece s sary for installation of the vehicle thermal protection 
system and vehicle handling. Existing facilities can be adapted with rrdnor 
modifications for p.rbduction of the orbiter vehicle, but new facilities or 
existing cfacilitie s with major modifications will be required for the booster. 
Qualification of the shuttle vehicle will be based upon an aircraft 
development approach where possible, using nondestructive testing techniques 
and increasing severity of te st conditions. It is planned that taxi, cruise, 
glide (low angle of attackL and landing tests will be performed using turbo-
jets for takeoff. Main propulsion is not recommended for horizontal flight 
tests. Separate tests with vertical takeoff of the orbiter and booster are 
possible. Integrated system dynamic and flight tests will be necessary. 
The study requires a vehicle capability of rendezvous with the space 
station within 24 hours of Hf:t-off. The orbiter vehicle must provide capa-
bility for five days active life and may remain with the space station for 
30 days, using the power source from the spac e station or from the payload_. 
The orbiter vehicle must also provide the capability for return to a selected 
landing site within 24 hour-s of recall./. The system goal will be to provide 
the capability for system maintenance, checkout, and turnaround within a 
two -week period. To achieve this, use of onboard check and nondestructive 
testing techniques, such as fiber optics, sonic analysis, etc., will be 
necessary. For the orbiter vehicle, the turnaround cycle ranges from 
15 to 49 days, and for the booster, 8 to 15 days will be required for 
turnaround. 
2-1 
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In considering the period required for turnaround, an analysis was 
performed to establish the time necessary for maintenance, vehicle assem-
bly, cargo loading, and checkout. The turnaround cycle for the ILRV was 
based on the goal of vehicle turnaround within two weeks. Based upon the 
philosophy that a large percentage of checkout operations will be automatic 
and perforrned during the normal mis sion and that airline rnaintenance -type 
operations will be performed, the minimum estimated period required for 
turnaround is 66 hours. Nor..scheduled maintenance would however require 
an increase in this turnaround period. It is considered that in the early 
phases of the space shuttle program, the turnaround period of two weeks 
would be-.t"!xceeded, and additional information and experience are required 
to confirm the feasibility of a two -week turnaround cycle. 
Operations analysis indicates that approximately 200 direct personnel 
will be required for maintenance and launch operations to sustain a rate of 
50 launches per year. 
J 
The maintenance operations an.d associated turnaround tirne's were used 
in analyses to establish the number of logistic vehicles required. For a 
14-day turnaround cycle and 50 launches per year, three orbiters woUld be 
required if the vehicles were capable of more than 170 reuses per vehicle. 
In the subject pro gram, however, a life constraint of 100 flights per vehicle 
is used. This identifies a requirement for a minimum of five orbiter 
vehich~s in a 10-year program for 50 flights per year. 
A number of approaches for assembly of the two -stage logistic 
vehicle and launch o~ this system were considered. The analysis indicated 
that off-pad horizontal assembly is desirable. Horizontal assembly of the 
vehicle would not be possible within the existing Vertical Assembly BuUding 
(V AB) at Ccrnplex 39. A majp'r extension to the VAB or provision of a l"ew 
assembly building will therefore bF) necessary. The booster and orbiter 
elements would be checked out in a horizontal position and the orbiter hoisted 
above the booster for mating. The integrated system would then be trans-
ported to the launch site in the horizontal position and erected on the launch 
platform. 
The study required launch and landing of the ILRV at the Eastern 
test Range. Investigations were performed to determine the landing strip 
that should be used. The conclusion resulting from the study is to use the 
existing skid strip at KSC or use a new landing strip. A new strip would 
result in greater expenditure but would provide a n'lore efficient facility. 
This landing strip would be built adjac~ni to Gomplex ~39. ' 
2-2 
SD 69-573-5 
---....;:!' .... ----.... --------------~--~ .~~~,-
? Space Division ~ ~ North American Rockwell 
Based upon a schedule analysis which assumes a successful program 
and technology available to support the space shuttle, it is considered that 
program initial operational cap~Lbility could be achieved 7-1/2 years after 
initiation of Phase B. 
Preliminary cost estimates have been developed, also based upon a 
successful program and availability of technology. These cost estimates 
show a nonrecurring cost of approximately 7 billion dollars and a program 
t 
cost of 10 billion dollars for 50 laun<;:hes per year. 
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3. a OBJECTIVES 
This design study to investigate low-cost space transportation systems 
is based on the following program objectives: 
1. Derive conceptual designs and perform resources analyses to 
identify the development, manufacturing, procur-ement, testing, 
RDT&E, z..nd operations requirements for logistics space vehicle 
systems to support earth-orbital programs in the post-1974 
period. In the major design approaches, attempt to achieve 
order-of-magnitude reduction in the recurring costs of the total 
logistic support operational system and to achieve significant 
advances in the inherent safety of the space vehicle system. 
2. Establish requirements for research and technology development; 
and discuss the potential benefits in terms of systems sensitivities, 
development risks, etc. 
Objectives of the second phase of the study, which is reported in this 
document, are as follows: 
1. Establish sizes and weights of an advanced logistic vehicle con-
cept defined by NASA MSC for payload classes of 10, 000, 25,000, 
and 50, 000 pounds. 
2. Determine'the impact of candidate design improvement concepts 
for the NASA MSC vehicle. 
3. Select vehicle(s) and payload size(s) for conceptual design 
analysis .. 
4. Prepare conceptual design definitions of the selected advanced 
logistic vehicle(s). 
5. Define a development approach, and identify technology require-
ments for the new. logistic system. 
6. Develop resource plans and cost estimates. 
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4.0 MISSION AND DESIGN REQUIREMENTS 
The following requirements, which are applicable to the shuttle 
systell1 after it becomes operational, were used during the second phase 
of the s ttldy. 
1. 11issicn orbit 
2. La.un(.;:h si te 
3. Payload, up and down 
4. Mission duration 
. 
270 -nm, 55-degree inclination. 
Cape Kennedy. 
Payload delivered by vehicle with 
eight 250, OOO-pound nominal vacuum 
thrust engines on booster. 
25, OOO-pound payload size, IS-foot 
dialneter by 30-foot length. 
25, OOO-pound payload size, IS-foot 
diameter by 60-foot length. 
25, OOO-pound payload size, 12 -foot 
diameter by 48-foot length. 
50, OOO-pound payload size, IS-foot 
dianleter by 60-foot length. 
50, OOO-pound payload size, 22-foot 
diameter by 60-foot length. 
The payload weight includes ten pas-
sengers with provisions and cargo; the 
payload sizes provide only for cargo. 
Additional volulne will be provided for 
ten passengers. The weight of two 
crew mel11bers in the orbiter vehicle 
will be included in the weight of the 
sh~ttle vehicle system. 
Shuttle vehicle: 30 days on orbit; 
7 days active life of systems. 
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5. Oi"bital operations 
6. Launch rate 
7. Ground mission 
operations 
B. Cargo 
9. Envi ronment 
10. Launch and 
refurbishment sites 
11. Communication 
12. System failures 
13. Toggle switches 
14. Mission termination 
and abort 
15. Checkout 
'!' Space Division North American Rockwell 
2, OOO-foot-per-sec:ond velocity capa-
bilityin excess of that required by the 
vehicle to obtain a 45- by 100-nm orbit 
will be provideq by the shuttle vehicle. 
24 to 50 per year. 
Conducted from a central facility. 
Cargo will be self-contained and will 
provide protective devices or 
provisions. 
System will be limited to comrnercial 
Vn limits; maximum eyeballs ··in accel-
eration for crew will be 3 g; crew and 
pi'.Lssengers will have shirt-sleeve 
environment. 
Refurbishment site will be the same 
as launch site. 
Continuous space-to-ground communica-
tion will be available; communication 
will provide for two-day self-validating 
data transmis sion. 
System will fail operational after first 
failure and fail safe afte1" second 
failure. 
Avoid. 
Satisfactory crew and passenger egress 
shall be made for abort during launch. 
When neces sary, provisions will be 
made for abort during launch. 
Shuttle vehicle primary preflight and 
in-flight checkout systems will be on 
board the vehicle. 
. , 
• i 
. I 
·1 
.i 
.1 
; 
..... 
;' 
16. Guidance and 
Navigation 
17. Vehicle operation 
18. Boos\t stage 
19. Docking 
20. Orbital insertion 
21. Deorbit and reentry 
22. Landing and 
go-around 
23. Self-ferrying 
24. Onboard provisions 
25. Refurbishment 
26. Engines 
'r Space Division ~ North American Rockwell 
Guidance and navigation functions will 
be performed on board . 
The vehicle will have a two-man flight 
crew. It is desirable that it can be 
flown by a single crewman. 
The boost stage will be reusable and 
may be unmanned. 
Hard docking is required. Shuttle 
vehicle atmosphere will be the same as 
that of the space station base during 
cargo transfer. Crew transfer will be 
by IVA. Automatic approach and dock-
ing capability will be provided. 
A three-axis translation system is 
required. 
Return opportunity to primary landing 
site shall be at least once every 
24 hours. 
The shuttle vehicle will be capable of 
go-around with one engine out and more 
than one landing atteITlpt. Landing 
visibility will be comparable to that of 
high-performance aircraft. Zero-zero 
capability and automatic landing capa-
bility should be provided. 
Capability for self-ferry flights between 
airports will be provided. 
Onboarpprovisions will be available to 
ensure 'postlanding safety. 
MinimimuITl turn-around. 
Engines to be considered include high-
pres sure bell engine and ae :rospike 
engine (alternate). 
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27. Reentry 
28. Aerodynamic surfaces 
for reentry 
29. Stability 
30. Ranging 
31. Margins 
i 
't Space Dlvil>oun ~ North American Rockwell 
Vehicles will provide high angle of 
attack on reentry; ReS will be used. 
Aerodynamic surfaces will be fixed for 
hypersonic velocities. 
During coost, vehicle center of gravity 
will be forward of center of pressure; 
engine failure will not result in critical 
design loads. 
Vehicle ranging capability and options 
to increase lateral ranging will be 
identified. 
A 10 -percent weight contingency will 
be allowed. P.erformance reserve 
will be 3/ 4-percent of the vehicle 
characteristic velocity with the asso .. 
ciated propellant allowance in the 
terminal stage. 
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5. a SCOPE 
The basic NASA vehicle concept to be studied is illustrated in Fig-
ure 5.0-1. This concept is configured for a crew of two (in orbiter) and the 
following payloads (which include ten passengers): 
1. Payload delivered by vehicle with eight 250, OOO-pound 
nominal vacuum thrust engines on booster. 
2. 25, OOO-pound payload, cargo size IS-foot di ..... meter by 
30 -foot length. 
3, 25, OOO-pound payload, cargo size IS-foot diameter by 
60-foot length. 
4. 25, ODD-pound payload, cargo size 12-foot diameter by 
48-foot length. 
5. 50, OOO-pound payload, cargo size IS-foot diameter by 
60-foot length. 
6. 50, ODD-pound payload, cargo size 22 -foot diameter by 
6 a -foot length. 
The payload weight includes ten passengers with provisions and cargQ; 
the payload sizes provide only for cargo. Additional volume wili be provided 
for ten passengers. The we~ght of two crew members in the orbiter vehicle 
will be included in the weight of the shuttle vehicle system. 
Improvement concepts will be investigated, but the following features 
are mandatory: 
1. High angle of attack (approximately 60 degrees) to minimize 
heating (RCS will be used for control). 
2. Fixed wings possibly with adjustable tips; wing shapes may be 
changed. 
3. Fixed turbojets (no swing-outy:-
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,j 
4. No window covc:-rs. 
5. J\ flat undersurface and a general cross section shape defined 
by N .l\SA. 
6. Vertical takeoff. 
7. Two stages (reusable). 
8. Propellant to be LOZ/LH2' 
9. Figh-pressure pump-fed bell or aerospik'e engines. 
-..... 
10. No ablative-cooled pr transpiration-cooled therITlal protecti<?n 
systel1l.. 
11. Hori2ontal landing. 
',-':. 
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6.0 APPROACH AND STUDY SCHEDULE 
The logic used in the second phase of the study is illustrated in 
Figure 6.0-1. The study established sizes and weights of the NASA MSC 
space shuttle vehicle concept for payloads specified in Section 5. O. Design 
im.provement concepts were evaluated, and vehicle sensitivity to ¢lesign 
variables was assessed. Conceptual design definitions of selectea vehicles 
were provided. Resource plans and estimated system nonrecurring and 
recurring costs were defined. Technology advancement. requirements were 
identified. Vehlc,le sizing studies and investigations of improvement con-
cepts were performed during the six-week period after formal initiation of 
the second phase of the study. Data were then submitted to N.L'\SA-MSC , 
where selection was made of the vehicle payload sizes and vehicle configura-
tions tor conceptual design. Conceptual design data and resource plans were 
generated for a selected vehicle during the last three months of the second 
study phase. The schedule for the study acti'Vity is presented in Figure 6.0-2. 
6.1 CONCEPT SIZING AND PERFORMANCE ANALYSIS 
Shuttle vehicle sizes and weights defined by NASA MSC were reviewed 
to establish system weight-scaling equations. Mandatory features of the 
shuttle vehicle are defined in Section 5. O. Aerodynamic characteristics of 
basic NASA MSC concept were investigated to confirn1. projected environment 
and perforrnance. Flight trajectory analyses were performed to establish 
the optimum propellant distribution between the booster and orbiter vehicles 
to deliver the previously specified payloads. Wing and body sizes were 
established for the desired wing loading and heat rate on reentry. Methods 
of increasing vehicle lateral ranging capability were identified, and the 
im.pact on vehicle payload return capability or system weight was established. 
Design, performance, and program implications for internal and 
external cargo provisions were identified. Weights and preliminary relative 
costs were also estimated. 
6.2 DESIGN IMPROVEMENT CONCEPTS AND SENSITIVITY ANALYSIS 
To establish design features that should be incorporated in the shuttle 
vehicle, candidate irnprovement concepts were evaluated to determine their 
.1, 
itnpact on 'vehicle weight, performance, cost, safety, and technology require-
ments. Vehicle sensitivity analyses were perforrned to establish the impact 
of design criteria, engine performance deviations, system weight growth, 
and more stringent environments (such as reentry thermal load). 
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6.3 CONCEPTUAL DESIGN 
Based on vehicle sIzIng and design improvement studies, vehicle 
con,figurations selected by NASA MSC were subjected to conceptual design 
analysis. 
Aerodyna.mic characteristics of the vehicle elements for boost, reentry, 
flyback, and landing were established; and trajectories were computed for 
these mission phases. Control requirements and structural and thermal 
environments were calculated and used in the derivation of of Inajor struc-
ture and thermal protection system weights. 
System flight characteristics and control requirements for all mis sion 
phases were determined and rigid body loads analysis performed to compute 
structural loads during boost, reentry, and flyback maneuvers. 
The effects of aerodynamic characteristics and the approach and 
landing methods I including manned and unmanned automatic landing, were 
aS13essed to establish the desirable approach and landing system. 
Subsystem trade studies were performed, and conceptual designs 
were developed to facilitate estimation of vehicle weights. Preliminary 
definitions were prepared for vehicle subsystems, and the subsystems were 
analyzed to determine checkout procedures. 
6.4 RESOURCE PLANS 
Program requirernents for the shuttle vehicle were analyzed to pro-
vide direction for design studies. 
, The possible application of aircraft development and testing approaches 
to the shuttle vehicle was examined to determ.ine the impact on system 
developrr.~ent time and cost. 
For selected vehicles, a test plan was developed and operations anal-
yses were performed to define procedures and equipment requirements for 
prelaunch, launch, orbital operations, recovery, transportation, and 
servicing! - Resource plans were developed, and system .costs were esti-
mated to Level 5. 
6.5 TECHNOLOGY 
Technology requirements were identified, and the potential impact 
of the technology program on the system performance, cost, and schedUle 
was described. 
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7. 0 ENVIRONMENT AND PERFORMANCE SUMlv1AR Y 
The environment and performance a .. nalysis used in the development of 
the shuttle vehicle design is summarized in this section. Flight operations 
are defined in Volume III and this section for reference purposes to present 
a complete definition of the ILRV operations. 
7. 1 FLIGHT PROFILE AND VEHICLE OPTIMIZATION 
Flight analyses were performed to establish the optimum propellant 
distribution between orbiter and booster vehicle to minimize system gross 
weight. Eleven engines were selected for the booster to provide an optimum 
'vehicle design. This selection was based on the use of two main engines on 
the orbiter and the same basic engine design on the two vehicle stages. 
The flight profile for the selected vehicle is shown in Figure 7.0-1. 
The two-stage vehicle is launched vertically. Staging occurs at an altitude 
of 230,000 feet with a velocity of 10,800 fps. Separation is achieved by the 
use of rockets installed in the orbiter. They displace the vehicle laterally 
while the attitude of both stages is held constant with the reaction control 
system. After staging, the booster element rolls with an angle of attack of 
52,.5 degrees to minimize travel down range. Thus, propellant required 
,to cruise back to the landing site is minimized. The orbiter vehicle, after 
staging, is injected into an orbit of 50 by lOO nautical miles. It coasts to 
an altitude of 100 nautical miles, where the orbit is circularized. A Hohmann 
transfer is then used to place the orbiter vehicle in a rendezvous orbit of 
270 nautical miles and 55 degrees inclination. The orbiter vehicle may 
remain with the space station from 5 to 30 days. After the orbiter is separa-
ted fron'). the space station, a phasing operation is perf-ormed. It provides a 
reentry orbit c01.npatible with location of the landing site. It is noted that the. 
minimum orbitC',Ll maneuvering velocity required to accomplish the mission 
is less than the specified design requirement. The orbiter vehicle reenters 
at a 60 ... degree~mgle of attack and maintains this attitude until the vehic Ie 
achieves subsonic velocities. After reentry, the orbiter vehicle is pitched 
over to a glide attitude of approximately 5 degrees to return to the landing 
site. 
The general ar:r'angement of the configuration, sized for a 50,000-
pound payload, is illustrated in Figure 7.0-2. Performance capability is 
summarized in Figure 7.0 .. 3. 
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Figure 7.0-3. Payload Capabilities 
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7. 2 AERODYNA~lICS AND DESIGN IMPROVEMENTS 
AerodynalTIic characteristics of the orbiter and booster vehicles were 
based on an analysis and wind tunnel tests conducted by NASA. Because the 
center of gravity is forward during boost, the tandelTI launch configuration 
is statically stable frolTI lift-off throughout regions of flight where high: 
aerodynalTIic loads can be developed. This results in low thrust vector 
deflection angle sua low angle of attack, and low aerodynalTIic loads. 
The flight lTIode selected for entry and recove,ry of both stages is 
silTIilar. Entry is perforlTIed at a high angle of attack and lTIaintained until 
the vehicle decel,erates to a low subsonic velocity. Then transition to 
horizontal flight is perforlTIed. Test data confirlTI that the vehicle is stable 
and trilTIlTIable at the high angle of attack at supersonic, transonic, and sub-
sonic speeds. The horizontal tail has been sized to provide a 7 -percent 
static stability' lTIargin during subsonic cruise. Test data confirlTI that 
elevator effectivenes s is sufficient for transition frolTI a high to a low angle 
of attack. 
AerodynalTIic characteristics of the booster and orbite:r configurations 
are sUlTIlTIarized in Figure '7. 2-1. Both vehicles elTIploy a flat bottOlTI on 
the fuselage. It is calTIbered to aid in pitch trilTI and stability at high angles 
of attack. The flat bottolTI and sharp corners also prolTIote separation 
around the sides of the body. This results in low telTIperatures on the sides 
and upper surface during entry. 
Lateral and directional stability is provided by body shaping. Direc-
tional stability is essentially neutral at the high angle of attack during entry. 
Roll stability is provided by wing dihedral. 
Orbiter hypersonic LID is 0.53 during entry at a 60-degree angle of 
attack and 7. 3 during subs onic glide. The booster entry is perforlTIed at a 
52. 5-degree angle of attack at lTIaxilTIulTI lift coefficient to perlTIit lift modu,;" 
lation and prevent exces sive load factors during the flyback maneuver. LID 
at entry is 0.69 and 8.4 during subsonic cruise. 
Design improvem.ent investigations indicated that: 
1. Use of a radius on the lower body will allow reduced horizontal 
tail size. Additional effort is required to evaluate impact on 
thermal protection systelTI and. vehicle weight. 
2. Directional stability can be im.proved by use of twin verticals or 
by us e of dihedral on the horizontal surface.~' 
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3. Incorporating roll-out of the body sides aft of the center of 
gravity is effective in improving directional stability . 
4. Increased wing sweep and reduced aspect:t:,atio should be 
investigated to improve flyback performance •... 
5. Because of the extreme aft location of the center of gravity on 
the booster (greater than 60 percent of the body length), the 
horizontal tail size becomes excessive. Moving the wing aft 
reduces the tail size. Use of a canard configuration should also 
be investigated as a way to minimize size of aerodynamic surfaces. 
7. 3 CONTROL CONCEPTS 
The vehicle is controlled through main engine thrust vector control 
(TVC) during the ascent pha.se of the mission, by use of the reaction con-
trol system (RCS) for orbital maneuver s and entry and by aerodynamic 
surfaces during subsonic flight. 
For defining the vehicle loading environment, it is neces sary to 
establish the vehicle control characteristics. In the study, the vehicle 
was analy~ed for the ascent phase of the mission, with wind and gust profile 
based upon a 99 -percent probability of nonoccurrence'. 
With a programmed flight path angle and control mode and (>. 7 -degree 
main engine gimbal limit, the vehicle is subjected to a maximum q a of 
2970 psf degrees. 
A 6-degree-of-freedom control simulation was performed for vehicle 
reentry. It showed that a control system authority of 0.5 deg/ sec2 accelera-
tion is adequate. A simulation of the transition to cruise maneuver confirmed 
that pitch-over was smooth and well damped, with use of an elevator com-
ma.nd incorporating gain scheduling. 
7.4 ABORT 
The impact of potential system failure s was analyzed. The analysis 
indicated that failure of a single engine on either the booster or the orbiter 
will not prevent completion of the primary mis sidn. A system failure I" 
requiring prernature staging will necessitate action to limit reentry loads on 
the orbiter. For low-altitude mission termination, the orbiter with two 
engines operating will remain at low altitude. For high-altitude mission 
termination, the orbiter engines (one or two) may be used to shape the 
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trajectory and prevent excessive reentry loads. Failure of two orbiter 
engines, however, will cause excessive reentry loads and possibly make a 
water landing necessary. Propellant dumping is required to minimize entry 
loads in the event both orbiter engines fail. 
7. 5 THERMAL ENVIRONMENT 
For thermal protection system requirements to be defined, it was 
necessary to establish a thermal environment. During ascent, the vehicle 
is subjected to areas of interference heating on the upper surface of the body. 
The tem.perature of 800 F experienced on the upper surface of the orbiter is 
the critical design teTIlperature condition and is in excess of that experienced 
during entry. 
The TIlost severe therTIlal environTIlent condition for the under surface 
of the vehic Ie occurs during re'entry. Figure 7. 5-1 illus'trates the radiation 
equilibriuTIl teTIlperature for the orbiter and booster. For reentry, the teTIl-
perature is illustrated for two locations on the body and for a num.ber of 
locations on the wing. The temperature is defined as a function of body 
station or percentage distance across the wing chord. The temperatures 
are based on vehicle reentry with a lift loading (VI' /CLS) of 50 psI. 
As shown in the figure, the orbiter experiences teTIlperatures below 
1500 F on 90 percent of the body. This therTIlal environTIlent is based upon 
reentry at a 60-degree angle of attack. It should be noted, however, that the 
equilibriuTIl temperatures on wing leading edges during reentry are sign.ifi-
cantly greater than teTIlperatures experienced generally on the body. Radia-
tion equilibriuTIl teTIlperatures on the wing leading edges are 2800 to 3200 F,' 
without interference effects. Flow interference effects at 20 percent wing 
span could significantly increase leading edge teTIlperatures. 
As illustrated in the figure, teTIlperatures experienced by the booster 
during reentry are significantly lower than those experienced by the orbiter 
and are less than 1400 F on 90 percent of the vehicle. 
7.6 LATERAL RANGING EFFECTS AND POTENTIAL 
In view of the desire to determine vehicle potential for increased 
lateral range, investigations were perforTIled to establish the iTIlpact of' 
reentering at lower angles of attack. Figure 7. 6-1 illustrates orbiter body 
and wing temperatures and heat load experienced during entry at various 
angles of attack. As illustrated, the vehicle can achieve approxiTIlate1y 
1240 nautical miles of lateral ranging capability at a 20-degree angle of 
attack without exceeding the tem.perature liTIlitations of the proposed den-
sHied quartz TIlaterial, except for wing leading edges. The increased heat 
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load, however, with the greater lateral ranging, will require an increase of 
approximate ly 22, 000 pounds in thermal protection system weight. 
The lateral rangi.ng capability of the vehic Ie can also be increased to 
1500 nautical miles by cruising with the turbojet engines and of £loading 
payload and adding turbojet fuel. 
7.7 APPROACH AND LANDING 
To limit logistics vehic le weight, it bec omes extreme ly important to 
optimize booster cruise and orbiter landing system weights. Booster 
descent and turnaround studies were conducted to miniInize £lyback range. 
A range of 310 miles was established for the 50, OOO-pound-payload-class 
system by developing a banked entry flight mode. This was a 24-percent 
reduction in range over a straight-in entry. Optimization of the booster 
flyback propulsion system resulted in 'selection of system employing four 
JT9D-15 turbojets and flying at 0.38 Mach number. The lowest weight 
system was the one that us ed the fewest engines and cruised at an off-
optimum Mach number. The saving in engine weight was greater than the 
inc reased fuel required for cruis e at off-optimum conditions. 
The baseline orbiter vehicle, in accordance with study requirements, , 
is configured to provide go-around capability in event of a landing wave-off. 
Four JT3D-7 turbojets are used in the 50, OOO-pound-payload orbiter. Total 
engine and fuel weight is 20, 240 pounds, with 82 percent of that weight due 
to the engines themselves. Deletion of the climb-out capability by elimina-
ting two engines would reduce system weight by 10,120 pounds. Use of 
high thrust-t,o-weight ratio turbojets should be investigated. It was esti-
mated that a 9740-pound weight saving could be realized. 
Landing speeds for the booster and orbiter are compatible with present 
transport aircraft. Nominal touchdown speeds are 113 knots for the booster 
and 128 knots for the rbiter.'; 
7.8 DESIGN LOADS 
De sign structural loads we re defined for the following flight conditions: 
1. Prelaunch, with 99. 9 percentile ETR ground winds 
2. Maximum qa, 2940 psf-deg, with 95 percentile ETR winds aloft 
3. Ma'ximum acceleration, 3.0 g's for both stages 
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4. Booster entry, 4.0 g's maximum 
5. Orbiter entry, 2.1 g's maximum 
6. Transition to cruise maneuver, ·2.5 g's 
7. Landing ... 10 Ips sink speed, 1. 4 gear load factor, 1. 2 body 
10 ad dynamic fac tor 
Maximum body loads are summarized in Table 7. 8-1 for the 
50, 000 ... pound-pay1oad-c las s system • 
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Table 7.8-1. Structural'Design Loads Summary, 
50, OOO-Pound Payload System 
Load Station Limit Lv.ads 
(inches from booster 
tail with orbiter Axial x 10- 3 Shear x 10-3 Moment x 10-6 
attached) Condition (lb) (lb) (in. -lb) 
2870 Max qa -1865 525 250 
(fwd attach) 
2000 Max qa -4292 -207 -150 
(LOX tank , , 
" aft bulkhead) Max accel -3872 117 430 
1430 Max -4736 -311 -1. 10 
(aft attach) 
Max acce1 -4010 '459 357 
1350 Landing -185 500 -430 
(main gear) 
100 Prelaunch -3985 -340 520 (tilt) 
(hold-down) 740 (no tilt) 
2870 Maxqa 848 484 215 
(fwd attach) 
Max Cl-ccel -1552 254 488 
2320' Max acce1 875 270 344 
' . 
(main gear) 
Landing -195 -340 -96 
1430 Maxqa 140 -284 -29 
(aft attach) 
Max acce1 80 334 -0.63 
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8. 0 DESIGN SUMMAR Y 
The results of the design and subsystem studies performed on. a 
reusable two-stage space shuttle vehicle using LOZ/LHZ propellants are, 
docu:mented in Volume IV of the final report. The design and subs'yste'm 
analysis was directed toward establishing sizes of the shuttle vehicle for 
a range of payload requirements, identifying design improvements, and 
conceptual design definition of a s elected configuration. Two areas of 
special study requested hy N~SA are reported in this volume, propulsion 
and integrated electronics . 
The space shuttle concept used as a basis for vehicle slzlng and design 
studies during the second phase of the program was defined by NASA/MSC. 
The vehicle was configur-ed to contain a payload of 12,500 pounds and provide 
2000 cubic feet of cargo volume located aft of the crew. The basic aero-
dynamic shape and weight-to -planform area relationships for this vehicle 
were maintained for initial sizing of a vehicle configured to deliver 
25,000- and 50, OOO-pound payloads. Historical aircraft and space vehicle 
subsystem weight data were used to derive shuttle vehicle parametric 
weight scaling data. These data were used to derive the sizes and weights 
of vehicles listed in Table 8. 0-1. 
The derivation of vehicle sizes and weights was based upon the 
performance analysis described in Volume III. This performance an~lysis 
resulted in the establishment of optimum stage propellant distributions to 
minimize the ~ehicle gross weight. A typical configuration. developed in 
the parametric studies is shown in Figure 8.0-1 for a vehicle with a 
25, OOO-pound payload capability and a I5-foot-diameter by 30-foot cargo 
·bay. The booster and orbiter are similar in shape and have fixed low-
sweep wing with a 7; I aspect ratio. 
The vehicle is launched vertically, with the orbiter located forward 
to achieve an aerodynamically stable system and to minin1.ize thrust vector 
control requirements during ascent. Both the booster and orbiter are 
designed for reentry at a high angle of attack. They each land l?-orizontally. 
The orbiter has provisions for two crew members, while the booster is 
unmanned for the n01"mal mission. The payload includes 10 passengers 
located forward near the crew. A cargo bay is located: at the vehicle 
center of gravity to minimize variation with or without cargo on board. 
This prevents a need for significant changes in aerodynamic control surface 
requirements to trim the vehicle on reentry and during cruise or glide. 
/ 
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Table 8. 0-1. Overall Vehicle Characteristics, Concept Sizing Phase 
C argo Bay Size Total Vehicle Booster Orbiter 
Payload Dia Length Weight Length Weight Length Weight Length 
(1000 lb) (ft) (ft) (1000 lb) (ft) (1000 lb) (ft) (1000 lb) (ft) 
7.7 9 35 1664 206 1279 19~J 385 132 
25 15 30 2576 246 2107 207 469 152 
, 
25 15 60 2730 261 2204 235 526 177 
50 15 60 3480 289 2739 256 741 183 
50 22 60 4007 299 3267 268 740 192 
Following the concept sizing activity, NASA/MSC selected a shuttle 
vehicle for detail analysis. This vehicle is configured to deliver a 
50, OOO-pound payload and has a IS-foot by 60-foot cargo bay. The general 
characteristics of this vehicle are presented in Table 8. 0-2. The specified 
weights are based upon a struct:ure and subsystem analysis and include a 
. 
10 percent weight contingency. 
Table 8.0-2. General Chara.cteristics of Conceptual Design Vehicle, 
50, OOO-Pound Payload, IS-foot-Diameter by 60-foot-
Length Cargo Bay! 
Characteristic Booster Orbiter 
Y::.r: 
Weights (1000 Ib) 
Launch 3,620 871 
Entry 588 257 
Landing 532 255 
iSize 
Body length (ft) 280 ?02 
, Plan£orm area (ft2 ) 19,770 8,200 
Wing span (ft) 244 146 
Wing area (exposed) (ft2 ) 6,300 2,010 
Horizontal area l;ft2) 2,040 1, 170 
Vertical area (ft 2 ) ,1,590 585 
Body wetted area (£t2 ) 36,000 17,111 
Body volume (£t3) 320,000 97, 690 
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The vehicle selected for detailed analysis has a similar aerodynamic 
shape to the baseline system and retains the same flight mode. The main 
engines used Qn booster and orbiter have the same power head but different 
bell nozzles. 
The general arrangement of the orbiter is shown in Figure 8. 0-2. The 
two crew members are located forward in an aircraft type cockpit; provisions 
for ten passengers are provided in the same general area. C~ew and 
passenger access are provided behind the cockpit area. The ten passengers 
and their provisions are considered part of the payload. An access tunnel 
is provided between the crew/passenger compartment and the cargo bay. 
The cargo bay is centered at the orbiter entry/landing center of gravity to 
provide a vehicle which can be trimmed on reentry and during cruise with 
or without cargo on board. The cargo bay can accommodate a 15-foot-by-
60-foot cargo container. Alternate cargo transfer capability is provided. 
S~al1 cargo modules can be transferred through a pressurized access door, 
Non-load carrying cargo doors can be opened to allow removal of a large 
payload. The orbiter is designed to allow rotation of a cargo container to 
provide a docking interface with a space station. 
The central cargo bay location requires separation of the ascent 
pr:opt'!l1an.t tanks. L02 and LH2 tanks are located forward, with a common 
bulkhead separating Hie propellants. A second hydrogen tank is located 
aft of the cargo bay. These aluminum tanks are suspended and therefore 
not subject to vehicle aerodynamic load. A polyurethane insulation is used 
on the inside of the LH2 tank. Separate tanks with super insulation are 
used to contain propellant for orbital maneuvers. The primary load-carrying 
st;ructure is a skin-stiffened titanium shell. To withstand entry thermal 
erivironrnent, the tit,anium structure is protected on the fuselage bottom and 
sides by an extern~l densified quartz insulation. Bare titanium is satisfactory 
on the top of the-orbiter because of the Inild thermal environment. A 
fiberglasn insulation is used inside the titanium structure to limit the 
temperatu.re of the tankage/insulation. The orbiter uses fixed, low-sweep 
titaniuln wings. Main propulsion is provided by two high'-pressure, two-
position, blell-nozzle engines that provide both ascent and in-orbit propulsion. 
The engines are throttled to 10 percent of maximum thrust for orbital 
maneuvers., Fixed turbofan engines are provided for landing and go-around 
capability, mounted c'tbove the wings for thermal protection during entry. The 
reaction control system (ReS) uses gaseous oxygen a.nd hydrogen obtained by 
vaporizing ~1tored propellants from the on-orbit propellant tanks. The pri-
mary features of the orbiter systems are summarized in Table 8.0-3. 
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Table 8. 0-3. Orbiter Description 
~------------------------------~------------------------------------------~ System Description 
Struc!ture /The'rmal 
Protee::tion Syst:em 
Primary body structure 
Aerosurfaces 
Ascent tankage 
On-orbit tankage 
Thrust structure 
, 
Main Propulsion 
6A14V titanium, skin stiffened, shell 
structure 
De:n.sified quartz (LI-15) external 
insulation 
Fiberglass TG-15000 internal insulation 
6A14V, titanium, two spar 
Fixed wing, AR = 7, 14-degree sweep 
Densified quartz (LI-15) external 
insulation 
Zirconium diboride leading edges 
Suspended tanks, pressure design, 
ZZ19 AI, 
Separated by cargo bay, LOZ/LHZ 
Forward and LHZ Aft 
D9uble buhble - design tankage, 
common bulkhead 
Polyurethane foam internal to LHZ tank 
ZZ 19 Al cylindrical tanks 
High performance insulation, 
aluminized mylar 
Polyurethane foam on LHZ tank, allow 
NZ purge 
6A14V titanium truss 
Two 590,000 pound vacuum thrust 
J;..,0Z / LHZ engine 
Common engine with booster to 
E = 5; 1 
Two position noz~le, E = 58:,1/1Z0;1 
'MR = 6;1, ,Gimbal angle ±7 degrees 
Throttle to 73 percent for ascent G 
limitati.on, 10 percent for on-orbit 
GOZ and GHZ pressurization from main 
engine for ascent 
Heated helium pressuriza.tion for 
on ... orbit 
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Table 8. 0-3. Orbiter Description (Cont) 
System Description 
Turbojet Four JT3D-7 turbofans, 19,000 Ib SLS 
Reaction Control System 
Hydraulic System 
thrust. 4050 lb JP fuel 
0z 1HZ propellant 
Z8 thrusters, 800 lb thrust, 
Pc = 300 psia 
Liquid supply Ipropellant conditioning I 
gas storage 
Four independent systems, 4000 psi 
40 gpn"1 pump, reservoir, NZ 
pressurization, filters, relief valve, 
actuators, titanium lines. 
Ii 
! Environmental Control/Life Thermal I contaminant control with 
dual loop water glycol and water 
evaporators 
Support Sys tern 
Power 
I 
l'Integrated Electronics 
, 
;, 
Cabin preEl sure supply and control 
(5 psia), ram air heat exchanger 
Three 5 ·kw Fuel Cells, 0z 1HZ 
Two 80 amp/hr batteries 
Four 150 hp APU, OZ/HZ 
Four lZ kva alternators 
Fo~ guidance, navigation, and flight 
control; data and control management; 
communications automatic docking 
and landing 
Three real time computers, common 
eq uip:m.ent 
Electro optics displays 
Multiplex signal distribution 
Built-in test equipment at subsystem 
and component level 
On-board checkout 
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The general arl:'angement of the booster is shown in Figure 8~ 0-3. The 
primary booster misslion is unlnanned, but provisions for two crew mernbE~rs 
are provided for a ferry mission. The booster propellant tanks provide the 
primary l,.,ad carrying structure. The tankage is fabricated from ZZ19AL 
with extern..'.l stiffened structure. The LOZ tank is located forwa . .'d of the 
LHZ tank with a common bulkhead separating the propellants. LHZ tank 
thermal control requirements are satisfied by polyurethane foam installed 
internally in the LHZ tc~.nk. An aluminum truss and reinforced phenolic and 
polyimide honeycomb sandwich substructure is provided to maintain the 
desired flat base. This: structure is also used to bond densified quartz 
external insulation to the booster bottom and sid'i~. The mild thermal 
environment on the top of the booster is within the capability of honE:ycornb 
sandwich material. The: booster uses fixed, low sweep titanium \vings. 
Main propulsion is provided by eleven high-pressure bell nozzle engines. 
The same basic engine il\l used in the orbiter and boos ter with altitude and 
sea level nozzles atta,ched at an expansion ratio of approximately 5: 1 . 
Turbofan engines arf'~ provided for cruise, landing, and go-around capability. 
As: in the orbiter, tile engines are mounted above the wings for entry thermal 
protection. The primary features of the booster systems are summarized 
in Table 8. 0-4. 
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Booster Description 
Description 
Propellant tankage, 2219A I, 
externally stiffened 
Circular sections, common bulkhead 
Polyurethane foam internal to LH2 tank 
2219 Al truss with phenolic and 
polyimide honeycomb sandwich panels 
Densified quartz (LI-15) external 
insulation 
Fiberglas s TG-15000 internal 
in.s ula ti 0 n 
6A14V titanium., Two Spar 
Densified quartz (LI-15) external 
insulation 
Haynes 188 leading edges 
6A14V titanium. skin stiffened cone 
with cross beams 
Eleven 510,000 pound sea level thrust 
L02/LH2 engine 
Common engine with orbiter to E. =: 5: 1 
Fixed nozzle, .E ::: 35:1 
MR = 6: 1, Gimbal angle ::1::.7 degrees 
Throttle to 75 percent for ascent 
G limitation 
G02 and GH2 pressurization from 
main engine 
Four JT9D-15 turbofans, 57,800 lb 
JP fuel 
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Table 8. 0-4. Booster Description (Cont) 
System 
Reaction Control System 
Hydraulic System 
Environmental Control Sys tern 
Power 
Integrated Electronics 
Description 
0z 1HZ propellant 
24 thrusters, 1800 lb thrust, 
Pc = 300 psia 
Liquid supply /pt. 0pellant conditioning I 
gas storage 
Four independent systems, 4000 psi 
Two 40 gpm pumps, reservoir, 
NZ pressurization, filters, relief 
valve, actuators, titanium lines 
Thermal control with dual loop water 
glycol and water evaporator, oxygen 
supply and ram air heat exchanger 
Two 80 AH batteries 
Four 250 HP APUs, OZ/H2 
Four 12 KVA alternators 
For guidance, navigation and flight 
control; automatic docking and land-
ing; data and control management; 
com.m.unicatiQns 
Three real-timE~ computers, commo-n 
equipment 
Multiplex signal distribution 
Built-in test equipment at subsystem 
and component level 
On-board checkout 
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9.0 OPERATIONS AND RESOURCES 
The analyses of operations and resources were directed towards the 
development of resource plans including: (1) Design/Manufacturing, (2) Test 
Plans (Aircraft Development Approach), (3) Operations Plan, and (4) Facil-
ities Plan. The analysis data were used in the development of a program 
schedule and estimation of costs. 
During the second phase of the study, operations and resources inve$ti-
gations encompassed (a) parametric analyses to estimate relative costs of 
vehicles with various payload capabilities and (b) development of resource 
plans, schedules, and costs for a selected vehicle configured to deliver a 
50, OOO-pound payload to the required orbit. The parametric analyses will 
only be documented separately in terms of costs. 
Section 4.0 of this volume states the missiom and aesign requirements, 
as presented by the NASA Statement of Work, and these r'equirements will 
therefore not be repeated here. Basic types of payload cG)nsidered included 
a single, separate cargo container which could be removed from the shuttle 
vehicle and docked with the space station, and seplarate cargo packages 
which could be transferred through a vehicle cargo transier hatch. The 
passenger compartment is removed from the cargo container '~0provicl:e for 
. ~ 
easier environmental control and for faster and e;asier pa;ssenger ingress 
and egress. It also provides for a clear cargo compartm!ent of the sizie 
requested . 
Environment and performance analysis of th.e ILRV sys'iliem is 
discussed in Volume III and summarized in se·ction 7.0 of this vo!!'t:ume. 
Flight operations are described, and discussions m(clude tiir,e foll®}win.g: 
1. Lift-off and flight trajectory 
2. Mission timeline 
3. Abort considerations 
4. Lateral range capability 
5. Payload capability to orbital inclinations :cliffe. rEnt from the basic 
mission. These items will not be repeated in this section of the 
report, except as required for illustration. The design require·-
ments and definition used in the op!e.rations analysis and develop-
ment of resource plans are presented in. Volume IV and summarized 
in section 8.0 of this volume. 
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9.1 OPERATIONS PLAN 
The operations analysis is directed toward definition of procedures and 
timelines associated with (1) transportation to launch site, (2) pre-launch 
functions including maintenance checkout and as sembly, (3) launch, and 
(4) landing and post-1anding~ 
A summary of the normal operational cycle is illustrated in Figure 9.1-1. 
This cycle is considered normal because it doe s not provide for all of the 
possible contingencies that might arise. A more comprehensive. definition of 
this operational cycle is shown in Figure 9. 1-2. 
Detailed flight operations are described in Volume III of this report. 
A major critical factor in the c~st effectiveness of the ILRV is the checkout 
and maintenance functions required and the as sociated ''turnaround time. 
A goal of turnaround withi~ two weeks was set in the study, and while this 
appears achievable in the program, considerable more definition of design 
and turnaround operations will be required to co~firm this. Section 9.5 
presents the results of the preliminary checkout and maintenance studies. 
Figure 9. 1-2 is a combined (orbiter and booster), first-level, functional 
flow diagram of the basic ILRV operations. The diagram aids in the defini-
tion and evaluation of ground operations and in establishing the orientation of 
the ground support operations relative, to the total operational cycle. Opera-
tions involved with ferrying and at the 'launch, landing, and refurbishment 
sites were developed as part of this study. In Figure 9. 1,-2, the normal 
operational cycle is presented and, in addition, co:rtti~.gency operations such 
as mission abort, landing at a secondary site, and possible modification by 
th~ factory. The normal operation cycle was selected as being representative 
of the basic ground operations. Each operation cycle was developed to the 
second level to help define the 'operations and to aid in the determination of ' 
facility requir ements. 
Other functional flows were used initially in tradeoff studies of the 
facilities, primarily in an attempt to utilize the existing facilities of Launch 
Complex 39. Trade studies show that utilizing modified existing facilities 
compromises effectiveness and represent a possible compromise to other 
programs that use that facility in its present configuration. 
A seven day mission (launch-to-landing) was considered nominal, 
, 
and a ground turnaround time of 14 days was considered a goal, making an 
orbite r vehicle cycle of 21 days. The seven-day period is based upon an 
allowance of one day for launch-to-dock at the space station, 5 days docked 
at the space station (orbiter vehicle system active), and one day for recall. 
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Study t:~Stl1ts indicate that a minimum ground turnaround time of 8 plus 
working days is considered feasible and achievable in about the fourth 
year of operations; 14 days should be achievable in the third year. 
To set the stage fo r the normal operational usage of the ILRV, a brief 
sun1n1ary of those pertinent items from the development, manufacturing, 
facilities, maintenance, and schedule analyses is necessary. These items 
are interwoven and are dependent val'iables,and they will therefore be dis-
cussed in relevant terms of the operations. 
The Development Plan indicates that the horizontal flight testing, 
which can be accomplished at Edwards Air Force Base, will be performed 
with an orbiter and booster that are not capable of vertical flight. It is 
planned that these vehicles will be used after the test program as vehicles 
for sustaining the training of flight and ground crews. Vertical tanking and 
static firing tests using an orbiter and booster that are capable of this type 
testing are planned to take place at the launch site, with rninor modifications 
to the operational launch pad for the following: 
1. Full duration of booster and orbiter, at various throttle settings 
2. Special support as required for the orbiter (this special support 
would provide for the static firing and vertical launch of the orbiter 
only). This facility would provide for the final acceptance test 
firing, prior to operational use, of the delivered production vehicles. 
The final assembly of the orbiter and booster vehicles is assumed to be 
at palmdale, California. At this time, the vehicle s are put through prelimi-
nary acceptance testing, and tne cOllditional DD250 is signed of£, This is 
conditional because the acce'l.?ta.n('f.~ tests at this point do not include opera-
tional demonstration of the main rocket propulsion system. The vehicles 
are then ferried to ETR, where after removal of the ferry equipment the 
vehicles are erected (individually) and static fired. This represents the 
final act in acceptance testing and the DD250 is now completed. DD250 
requirements for documentation would have been complete prior to the ferry 
flight. 
It is also planned that the orbiter and booster used in the vertical flight 
test program will be refurbished and included in the operational quantity. 
9. 1. 1 Ferry Flight 
The ferry opera.tion for the orbiter vehicle is illustrated in Figure 9.1-3, 
which is a second-level functional flow diagram (manufacturer to launch site). 
Operations would be essenti>:llly the same (at this level) for the booster vehicle 
initial ferry flight (2.1). Block 2,,2. 3, IIInstall Ferrying Equipment, II 
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defines equipment and operations necessary to perform the ferry operation. 
Blo ck 2. 2. 10, "Pe rio rm Po st Flight Ope rations, " note s that thi s will include 
receiving and inspection (R&I) in addition to removal of the ferry equipment. 
R&I will include a tanking and static firing of the vehicles as discussed above, 
until it is shown to be unnecessary. 
Ferry Requirements 
As shown in the preceding functional flow charts, there is a require-
ment to ferry the orbiter vehicle and the booster vehicle from the point of 
manufacturing final assembly to the ETR. Figure 9. 1-4 was developed 
based on the use of USAF SAC airbases that have adequate (length and 
strength) runways for landing and takeoff, for vehicles that may be ferried 
from. Palmdale, Calif., to ETR. The longest leg of this possible flight plan 
is 485 nautical miles. Hence, the OV and BV should have at least that 
range plus som.e additional range for saft~ty. It obviously would be better, 
from. the standpoint of time consurned and the number of landings and take-
offs, if the vehicles had a range such that the trip could be made with only a 
single landing, but provision of thiLs capability would result in excessive 
design and weight penalties. 
The orbiter vehicle (OV) has, in normal orbital return flights, only 
about twelve minutes of engine time available, adequate for poweJr landing 
following two go-arounds. The OV has the cargo bay in which extra fuel 
tanks can be provided. If those extra. tankB contained 50,000 pounds of fuel 
(gross takeoff weight is equal to the normal. landing wei~ht), the vehicle 
would have a ferry range of approximately, 800 nautical miles (this assumes 
warm.up, takeoff, climb, cruise, descent, and allowance for two go-arounds 
prior to landing). The gross takeoff weight c;:ould also be greater than the 
landing weight to provide a greater range. The vehicle in normal orbital 
mis sion operation has L02 and LHZ auxiliary power units that drive e lectri-
cal generators and hydraulic pumps. These would not be u-sed in ferry flight 
and would thus have to be supplen1.ented by an APU, using different fuel, also 
placed in the cargo bay, and integrated with vehicle systems, This APU 
weight would detract only a small an1.ount from the usable JP fuel weight for 
the ferry flight. 
The booster vehicle has adequate JP futel for a cruise range of 
310 nautical miles plus two go-arounds an4 power landing, based on normal 
return from its: boost mission wherein the engine is started at altitude. The 
booster vehicle gross takeoff weight and landil?-gweight will have to exceed the 
norm.almission return landing weight in order to provide for more fuel and 
the APU. The booster vehicle APU problem is the same as that for the 
orbiter vehicle discussed previously. In regard to volume, there is adequate 
room. for tanks that could be placed forward and aft of the present fuel tank, 
after insertion through the Inain landing gear doors.. This addition could 
easily bring the BV range to greater than 700 nautical miles. The BV will 
also be manned for the ferry flight. 
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In summary, the ferry range capabilities of each of these two vehicles 
,: is in excess of the minimum requirement and could therefore reduce the 
nunlber of landings and takeoffs as presented in Figure 9. 1-4. 
• i, 
.• 1 
9. 1. 2 Pre- Launch Operations 
These operations include such functions as mating, loading cargo, 
erecting, and attaching servicing and support equipment preparatory to the 
launch operations. This is represented in Figure 9.1-5 as a functional flow 
diagram. Several tradeoffs were conducted to define the nlost appropriate 
arrangement of those functions. The figure shows one of those tradeoffs 
that were conducted. The approach selected (Concept A) is to horizontally 
assemble and mate orbiter and booster vehicle, transport in this POSitiOl1., 
and erect at the launch site. These trades are.discussed in more length in 
section 9.4, Facilities. Every attempt was made to use existing facilities, 
such as Launch Complex 39. 
Mating 
Before the discussion that follows on mating of the orbiter and booster, 
it should be understood that maintenance of the vehicles is planned to be 
accomplished with those vehicles in the horizontal position (similar to 
maintenance of aircraft). Accessibility, personnel safety, and fa,cility 
requirelnents are the major issues. Thus, with the vehicles in the hori-
zontal, flight-ready condition, the question was, "Should the vehicles be 
mated in the horizontal position and then erected, or should they be erected 
to the vertical and then mated, and where should it take place? II Many 
possibilities were examined, and it was concluded that the mating should be 
done with the vehicles horizontal in an enclosed area to avoid the potential 
problems created by wind and weather. 
The booster would be lifted by an overhead bridge crane from jack' 
pads (landing gear retracted), the transporter erector moved into position, 
and the boo ster lowered and attached as required. The orbiter is similarly 
lifted and placed in position on the boost1er. The mec:hanical, instrumentation, 
and control connections are made. This interface is then check ed out. 
Cargo Loading 
The nature of the cargo and possible late changes of cargo assignment 
indicated that the loading should be delayed to as late a point in the process 
as is practical. The qesign of the orbiter cargo bay, the handling problems, 
and avoidance of weather problems indicate that the cargo will be placed into 
the orbiter after the mated interface check. If the cargo is cryogenic 
propellant, the container would be installed in the orbiter and propellant 
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loaded later. The cargo, or cargo container, will be loaded while the OV 
and BV are still horizontal in the assernbly building. 
Erecting 
The rnated and serniloaded vehicle will be rnoved to the erection and 
launch site. The transporter with rnated orbiter and booster will be posi-
tioned, the erection systern attached, and the vehicle erected directly into 
the launch position using the erector as a strongback for the erection. The 
access and service tower will be ernplaced and all connections made. Every 
attempt is made to reduce the quantity of connections and make the nece s-
sary ones in low, convenient, and safe places. Finally, after alignrnent and 
interface checks, installation of pyros, loading of noncryogenics, chilling 
and loading of cryogenics, the systern is ready for final launch operations. 
Prelaunch Operations Tirneline 
Prelaunch operations are defined as tho se operations occurring from. 
the point of vehicle transfer from the rnaintenance .and refurbishment area 
and extending to crew ingress. At this time the mated orbiter {including the· 
loaded cargo rnodule} and booster vehicle is in an erect position at the pad 
with access and hold down arms in place. In addition, storables are loaded 
and ground support servicing lines have been connected. 
All vehicles will be received in the assernbly area of the off-pad opera .. 
tion building {from the maintenance and refurbishment area} as fully qualified 
units. 
Prelaunch operations were considered and evaluated for two opera,,: 
tional concepts as illustrated in Figure 9. 1-6. 
Concept A: Orbiter and booste~ vehicles are horizonfally mated in 
the assembly building and transported to a specially prepared launch 
pad via a transporter and erector in a horizontal position. 
Concept B: Orbiter and booster vehicles are horizontally mated in the 
assembly building, transported to the modified.mobile launcher (Launch 
Complex 39 equipment), and erected by the transporter and erector onto 
the modified ML for vertical transit to arnodified Launch Complex 39 
pad. 
Both concepts A andB are quite similar in required operational activity. 
! i , "' 
However, conc€!pt A requires a great deal of new facilities and necessary 
supporting equipment, while concept B is designed to utilize, as pos sible, 
the existing or modified' Saturn V facilities and supporting equipment of 
Complex 39. 
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Prelaunch operations as related to the two concepts are depicted in 
the timeline shown in Figures 9.1-6 and 9.1 ... 7, respectively. 
In general, the concepts A and B are similar in operational time except 
that concept B will requir.e approximately six more hours, primarily due to 
the longer transport time to the launch pad when transporting in a vertical 
position on the mobile launcher. Each concept depends upon the accuracy 
of the time esthnates. The validity of any drastic reductions from current 
operations times will require further analysis and demonstration. 
9. 1. 3 Launch Operations 
Launch operations include the loading of crew and passengers, final 
servicing, propellant loading, etc. Figure 9.1-8 is the second-level func-
tional flow diagram for the launch operations. Blocks 4. 1. 1 and 4. 1. 3 are 
not necessarily meant to indicate time parallel functions, and Block 4. 1. 2 
considered that the cargo might contain cryogenics that would be loaded at 
the pad into tanks installed in the cargo bay. It is expected that this opera .. 
tion will require approximately 8 hours. 
Aiive-foot high hatch is provided in the orbiter for ingress and egress 
of the c.rew and passengers. Access to the hatch door is provided by a swing 
arm from the access and service tower, which has an elevator. 
Dur ing the launch operations, the preparation for launch and flight 
requires that the 4 (250 horsepower) APU's in the booster, and 4 (150 horse-
power) APU's in the orbiter be started up at about 5 minutes prior to booster 
rocket engine ignition so the output can be checked and switch-over made 
(ground to internal). These APU's are multiple to provide for safety in 
redundancy and they provide the electrical/hydraulic requirements of the 
vehicle. These APU's use L02 and LH2, and burn hydrogen rich so as to 
not burn up the APU. The exhaust byproducts are steam and hydrogen. 
This exhaust will have to be collected by ducts and removed from the area. 
Other techniques were examined, such as using nitrogien gas as an additive 
to provide cooling and allow complete combustion of the hydrogen; however 
the exhaust byproducts now contain nitric acid, which is still a problem. 
This problem is one that should be considered for technology advancement, 
perhaps a nuclear systen1.. 
Launch Oper~tions Timeline 
Ground rules to govern the time-to-launch capability of the ILRV have 
not been identified. Launch operations have arbitrarily been designated as 
those pad operations beginning with final crew ingress for checkout and 
launch. Figure 9. 1- 9 presents the Launch Operations Timeline. The 
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time line. for the launch operations i.s based' on best engineering judgement 
as there are no detailed figures as to the length of a final checkout or how 
long the umbilical tower operations will take. A figure of five minutes has 
been assigned as an avefc::.ge for a crew member or passenger to enter the 
ILRV, position himself and the seat, an.d perform a minimum checkout of 
his position and status in the craft. If no passengers are carried, this time 
may be required for some cargo installation. During that 50 minute period, 
the on- board checkout system (OCS) will perform the final vehicle system 
checkout. Further detailed analysis will be required in future studies to 
establish the time necessary for checkout. (For more detailed rationale of 
the functions of the oes, see Vol. IV, Design and Subsystems Analysis.) 
Timed launch operations are assumed to take approximately one hour and 
include closeout of passenger and cargo areas, removal of service umbilicals, 
retroactuation of platforms, and necessary subsystem turn-on and event 
mo nito ring. 
9. 1. 4 l\t1ission Operations 
As mentioned previously, the performance of the ILRV is discussed in 
Vol. III in detail, and in section 7. 0 of this volume in summary. 
The next phase of the study will have to be much more definitive in the 
design of docking and cargo handling and this will require close coordination 
between shuttle vehicle and space station study activities. It is felt that the 
space station may have to provide more than just a docking port. 
Flight Support Operations 
RequirelTIents for cOlTImand and control centers, tracking and commun-
ication network, and communication satellites were not evaluated in this 
study. It was assumed that they would be available, and probably be shared 
with other space programs' (solTIe of which might put more clelTIand on the 
system than the ILRV). An airplane like the ILRV, is designed to be auton-
~mous and receives support in the form of control towers, weather stations, 
rotating beacons, OMNI, TACAN, ILS, GCA, etc.; the cost of which is not 
chargeable to the airplane. 
Automatic landing requirement is dealt with specifically at the prilTIary 
landing field. This systern will probably be of the SPN-42 type. However, 
since the orbiter may land at sorne alternate landing field, that probably will 
not have the specific autonlatic landing ground equiprnent, the vehicle must be 
compatible with the rnore conventional ILS and GCA. 
If a landing at an alfernate field becomes necessary, the rnap in 
Figure 9. 1-..;~ shows some choices (USA~ SAC Airfields plus some others) 
that cover a fairly wide range of longitude and thus would take care of about 
30 peryent 0'; che pos sible situations of orbital aborts. This 30 percent 
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assun1.es that the abort situation is not immediate but might wait up to 
1-1/2 hours for the deorbit maneuver. If the abort situation is immediate, 
the probability of landing at any of these named airfields is decreased. If 
the deorbit maneuver can wait longer than 1-1/2 hours" the probability of 
using one of the named airfields, plus Ramey AFB, is qu.ite high. 
If the orbiter is to land at an alternate airfield, the supporting equip-
ment and crew should be dispatched to arrive as soon as possible before or 
after the orbiter performs its landing. The supporting equipment will 
probably consist of: 
1. Super guppy type of airplane capable of accepting the size and 
weight of the cargo container and its contents. 
2. Ferry fuel ta.nk, or tanks, for the orbiter 
3. Auxiliary power unit, or units, for the orbiter 
4. Equipment for safing the orbiter to (a) drain, vent and inert cryo 
tanks (b) remove pyros and (c) drain and/or remove other explo-
E,:'''Te or toxic liquids and gases 
5. Cargo container sling 
6. Airplane, other than 1 above, to deliver the fe'rry flight crew, 
and return the orbital crew and passengers .to ETR, 
The orbiter ground crew could be transported to the appropriate air-
field and assist in the removal of crew and passengers if they arrived in 
time, and perform safing the orbiter, removal of the cargo container (with 
contents) and installing the ferry fuel tanks and APU, load the cargo con-
tainer in the airplane, service the orbiter. The ferry flight crew would 
ferry the orbiter bai:k to ETR. 
Normally, the unmanned booster m.ust always return to ETR following 
its boost mission. If it were manned, it might land at an alternate, and 
with the exception of passengers and cargo would be treated the same as 
the orbiter, and ferried back to ETR. 
9.1.5 Post-Landing Operations 
Figure 9. I-lOis the functional flow diagram of the ground operations 
involved in the post mission landing of the orbiter vehicle. Except for the 
removal of crew, passengers and cargo, the operations also apply to the 
landing of the booster vehicle. Upon completion of the landing operations, 
the vehicles would proceed. to the maintenance refurbishment area. If the 
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landing took place at a secondary site, however, a ferry flight to the primary 
site would be required as discussed above. This ferry flight would require 
delivery of the special fe.rry equipment and a crew that would install that 
equipnleIlt after removal of the cargo. This cargo removal was considered 
in the conclusion that the cargo bay should be on top, so that an ordinary 
crane could be used to remove'the cargo. This cargo would then have to be 
carried by some means other than the orbiter to its eventual destination. It 
"is interesting to note that the 15 foot diameter cargo can will not fH into the 
'C-5A (it has a 13'!'i/2 foot limitation), and therefore a super guppy type of 
aircraft will ha.ve to be useci {The super guppy win take the size of can, but 
i~ limited to 30, 000 pounds}. This study assumed no landings at alternate 
fields, and tht.~refore did not include any of the above airplanes as part of the 
supporting equipment. 
The operation is essentially the same as described in 9. 1. 4. 1. for the 
alternate landing field, with one significant difference. At the; primary 
field, the vehicle flight data (Block 7.2.8) is removed for analysis. 'rhat 
vehicle data, plu.s flight crew critique, the ground inspection, and the ground 
m.aintenance records will provide the information to the maintenance persol1--
nel for required maintenance. 
Post-Landing Operations Tlmeline 
Post-landing operations include those ground operations perforrned 
from the tim.e the vehicles touch down upon return from the mission until 
they are delivered to the maintenance al~d refurbishment (M and R) ar~~:a, 
at which time they would be shut down, unloaded, safed, and cleaned.) 
Figures 9.1-11 and 9.1-12.are preliminary time lines of the operC3:tions to 
be performed. The safing operations and cleaning operations are/no#; clearly 
defined at this time. Definition of the subsystem safing and ex.ternal cleaning 
requirem.ents will permit more accurate estimation of the operational time 
required. The external inspection function involves only the exterior of the 
vehicle (e. g., damage to the vehicle surfaces, tires, etc.) and does not 
involve the removal of any access panels. It is a.ssumed that the rem.oval 
of the flight data would involve removing the on-board flight recorder tapes 
and other sources of data. Prelhninary analysis p{ these data will aid in 
the definition of M and R required. 
9. 1. 6 Maintenance 
Figure 9. 1-13 represents typical turnaround Maintenance and Refurl')-
ishment (M and R) operatia;ns at the second level. The approach to M and R 
operations is based on available airline and Air Force data and maintenance 
experience. The M and R philosophy utilized is that the ILRV hardware is ' 
"reusable like an airplane." Th.e M and R cycle is limited to m.inirnun'l 
operations of inspection, cleaning, draining a1'ldpur g:'ing, filling! functional 
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checks, squawk elimination, and minor component and module routine replace-
n1ent functions. Rocket and turbojet engines will require a visual inspection 
of all acce s sible areas. The quantity of engines and the extent of accessibility 
will be the determining factor s of the operations involved in the engine inspec-
tion task. Routine, planned and scheduled replacements may occur during 
each M and R cycle. depending upon the component replacement schedules. 
Also durin.g this function, all unscheduled maintenance will be performed. 
After the non-propellant systems are serviced, the vehicles on-board check-
out systeIn, supplemented with miniInum GSE, is 'used to check the selected 
subsystems. This check will verify the operational capability of the vehicles' 
individual subsystems as well as the on-board checkout system itself. After 
positive checkout is obtained, the vehicles are closed out and prepared for 
removal to the storage or mating area. Further definition of the ILRV struc-
tures and sUbsystem configurations will provide more definitive goals and 
requirements for the M and R functions. See section 9. 5 for more information 
about maintenance. 
Maintenance Timeline 
The goal of the system was to provide the capability for system main-
tenance, checkout and turnaround within a two week period. To achieve this, 
the use of onboard check and nondestructive testing techniques such as fiber 
optics, sonic analysis, etc. will be neces sary. Based upon the philosophy 
that a large percentage of checkout operations will be automatic and performed 
during the normal m.ission and that airline maintenance type operation.s will 
be performed, the miniJ::uum e sthnated period requir ed for turnaround is 
66 hour s. It is noted, however, that nonscheduled m.aintenance would require 
an increase in this turnaround period. It is also considered that in the early 
phas es of the space shuttle program, the turnaround period of two weeks 
would be exceeded and a great deal of information and experien.ce is still 
required to confirm the feasibility of a two week turnaround cycle . 
TiInelines for maintenance. operations are shown specifically in sec-
tion 9. 5 of this volume for the orbiter and booster. It is believed that the 
minimum maintenance times for the orbiter and booster are 66 and 34 working 
hours, respectively. And the probable maximums, at that point in time where 
the above minimums are capable, are minimum.s plus approximately 33 work-
ing hour s. The minimums will probably not be attained until the third or 
fourth year after starting the operational phase. . 
9. 1. 7 Quantity of Vehicles 
The quantities of orbiter vehicles and booster vehicles must be defined 
to establish the operational timeline s and provide for costing the ILR V 
program. There are several ways this subject can be addressed: 
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(0 Quantities required to meet the flight rate with minimum on- site 
storage 
(2) Quantities required to meet the total number of flights in the 
prograln. 
Flight Rate Quantities 
The quantities of vehicles (QR), brbiters and boosters, required to 
meet the flight rate s can be found by: 
where 
TT :;: Ground Operations Turnaround Time 
TM = Mis sian Time (Launch to Landing) 
TF = Time Between Flights 
= 12.2 Days for 30 Flights/Year 
= 9. 2 Days for 40 Flights/ Year 
= 7. 3 Days for 50 Flights/ Year 
!(Round up to neare at 
I whole numbe:r) 
'. 
Assuming that the mission time (TM) is equal to seven days for the 
o'rbiter and one-tenth day for the booster, Figurel3 9. 1-14 and 9. 1-15 were 
constructed. Figure 9. 1-14 shows that f0r a gr.ound operations time of 
14 days that two, three, and three orbiters are required respectively for 
30, 40 and 50 flights per year. Of course, these figures assume equal dis-
tribution of those flights throughout the program. Figure 9. 1-15 shows that 
only two boosters are required for each of the thr~e different flight rates. 
If the above quantities are as sumed in operation tmtil each has made 
100 missions, and then are eliminated with replacement by new ones, the 
program quantities can be found in the following charts • 
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OPERATIONAL YEARS Total 
1 2 3 4 5 6 7 8 9 10 Flights 
OV 1 15 15 15 15 15 15 10 100 
OV 2 15 15 15 15 15 15 10 100 
OV 3 0 0 5 15 15 15 50 
OV 4 0 0 5 15 15 15 50 
Flights/ Year 30 30 30 30 30 30 30 30 30 30 3,00 
Booster Vehicles as Above 4 Required 
OV 1 
OV 2 
OV 3 
OV 4 
OV 5 
OV 6 
14 13 13 14 13 13 14 6 
13 14 13 13 14 13 13 7 
13 13 14 13 13 14 13 7 
o 7 14 13 
o 
o 
7 13 14 
6 13 13 
100 
100 
100 
34 
34 
32 
Flights / Year 4,0 40 40 40 40 40 40 40 40 40 400 
B'V 1 20 20 20 20 20 0 0 0 0 0 1 00 
BV 2 20 20 20 20 20 0 0 0 0 0 100 
BV 3 0 0 0 0 0 2Q 20 20 20 20 100 
BV 4 0 0 0 0 0 20 20 20 20 20 100 l 
4 Req'd 
4 Req'd 
4 Req'd 
: 30 Fits/ 
Yea'r 
Program 
40 FIts/ 
Year 
, Program 
'- .l Flights / Year 40 40 40 40 40 40 40 40 40 40 400 
'I 
: .:. • i' , 
j 
i i 
I 
" i i 
OV 1 17 16 17 17 16 17 0 0 0 0 lOO 
OV 2 17 17 16 17 17 16 0 0 0 0 100 
OV ,3 16 17 17 16 17 17 0 0 0 0 100 
OV 4 0 0 0 0 '0 0 17 16 17 17 I 67 
OV 5 0 0 0 0 0 0 1 7 1 7 16 1 7 67 
OV 6 0 0 0 0 0 0 16 17 17 16 66 
Flights/Year 50 50 50 50 50 50 50 50 50 50 500 
BV 1 25 25 25 25 0 ,0 0 0 
BV 2 25 25 2'5 25 0 0 0 0 
BV 3 0 0 ,0 0 25 25 25 25 
BV 4 0 0 0 0 25 25 25 25 
BV 5 0 0 0 0 
BV 6 0 0 0 ,0 
o 0 
o 0 
o 0 
o 0 
25 25 
25 25 
100 
100 
100 
100 
50 i 
50 J 
Flights/ Year 50 50 50 50 50 50 50 50 50 50 500 
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In summary, the above approach indicates the following quantity 
requireznents: 
ORBITER 
BOOSTER 
30 
4 
4 
Flights Per 
40 
6 
4 
Year 
50 
6 
6 
The other approach is to stock all that are required as a function of life 
(l00 flights per vehicle), and use them in rotation. Thus the quantity 
requirements are: 
ORBITER 
BOOSTER 
30 
3 
3 
Flights Per Year 
40 50 
4 5 
4 5 
Discussion with the customer indicated thc.:,t the latter approach should 
be assumed with the addition of one spare vehicle each. Thus, the table of 
quantities appears: 
ORBITER 
BOOSTER 
9. 1 - 8 Sy stem Timeline s 
30 
4 
4 
Flights Per 
40 
5 
5 
Year 
\ 50 
. 
6 
6 
Us ingthe above stated quantitie s of vehicle s and the time s for the 
operations, Figures 9.1-16, 9.1-17 and 9.1-18 were constructed. The 
times used for the construction of the figures '.vere those that were believed 
representative of the probable averages for those vehicles over the lO-year 
program life. These figures assume also that all of the required vehicles 
are ready at the start of the program, and the program costs developed in 
section 9. 7 are based on this. The readystorage times indicated in Fig-
ures 9.1-16, 9.1-17 and 9.1-18 show that there would be vehicles available 
for an occasional 30-day mission, and also vehicles ready for possible rescue 
missions. 
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In fact at the IOC date , only two each orbiter s and boo ster s will be 
available. Starting 'with those vehicles, assuming that at least two vehicles 
must be flight ready at the time of launch of one (to provide for the pos sibility 
of a rescue mission), that the turnaround will take longer (more than 14 days) 
in. the initial opera~ional phase I and that additional vehicle s (both orbiter s 
and boosters) become available per the production schedule; Figures 9. 1-19 
and 9. 1-20 indicate that the first year of operation will provide 18 flights, 
and the second year will provide 39 flights. Stated differently, the full-scale 
flight l"ate programs (30, 40 and 50 flights pel" year) could probably start at 
about the start of the third year after the IOC dateJ 
\. 
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9.2 ILRV TEST AND DEVELOPMENT PLAN (AIRCRAFT DEVELOPMENT 
APPROACH) 
The test analysis was directed toward identification of the significant 
tests necessary for developrnent qualification and acceptance of' the ILRV. In 
this investigation, emphasis was placed upon the use of an aircraft develop-
ment approach where this offered benefit in minimizing test hardware cost 
and in achieving the desired reliability and confidence in the sy stem. 
The ILRV systeln involves a merging of the technologies of three 
separate kinds of vehicles: (1) fixed -wing subsonic airbreathing jet aircraft 
capable of takeoff and landing at any major airport, (2) rocket-engine - . 
powered launch vehicles using cryogenic propellants, and (3) manned space-
craft capable of sustained orbital operations and reentry into the earth's 
atmosphere. The ILRV system, summarized in section 8.0' the report 
includes an orbiter vehicle and a booster vehicle. The booster vehicle is 
assumed to be unmanned and does not achieve orbit. Only the orbiter vehicle 
incorporates the spacecraft-type subsystems. Both the orbiter and booster 
vehicles are to be capable of rnultiple reuse. 
'ihis section of the report presents the following: 
1. Identification of test objectives and types of tests necessary for 
ILRV; these test programs are cOlnpared with those pe rformed for 
previous aircraft and space vehicle 
2. Design recommendations to facilitate testing 
3. Definition of ground test program, including material development 
and component and subsystem development and qualification; 
configuration development through wind tunnel testing and vehicle 
load environmental testing is also described 
4. Definition of flight test program with horizontal and vertical 
flights 
5. Acceptance testing 
9. 2. 1 Test Prograrn Scope 
The development test pr.ogram for the ILR V draws heavily on the kinds 
of tests prevIously performed on aircraft, launch vehicles, and spacecraft. 
The specific test objectives are identified in the descriptions of ground and 
flight test programs presented later in the section. Tables 9.2-1: 9.2-2, 
and 9.2-3 list the major elements of the test programs for the XB-70, the 
Saturn-II stage, and the Apollo CSM, respectively. Equivalent tests 
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Tca.ble 9.2-1. XB-70 Vehicle Development Test Programs and 
Comparable Tests Required for lLRV Development 
XB~70 Major Development Test Programs 
Major subsystem development programs 
a. £mergency escape subsystem development 
b. Flight control simulator test progl.lm 
c. Fuel system development test program 
d. Hydraulic system development tests 
e. Avionic system flying test beds 
f. Static structural load tests 
. '!.. Propulsion subsystems test program 
h. Landing systems test program 
Pre-:first-:flight checkout 
Taxi tests for determination of braking, 
steering, and groWld handling characteristics 
Takeoff tcOlts for various weather, wind, and 
AV weight conditions 
t.allding tests - nominal - flaps up and down -
deployed and nondeployed chute, etc. 
Low speed, landing gear down, maneuvering, 
and handling flight tests 
Subsonic maneuvering and handling perform-
ance evaluation tests 
Comparable ILRV Major Development 
Test Programs 
1. Major subsystem development programs 
a. No equi-.;alE"nt test predicted for ILRV. 
b. A flight control simulator test program 
will be required {or ILRV. 
c. An airbreathing engine fuel system devel-
opmer.t system will be required for OV 
and BV • 
d. Hydraulic system development will include 
system requirements for rocket engine 
gimbaling as well as flight con ... rol and 
landing gear required for horizontal flight 
and landing. 
e. No equivalent tests are predicted for )LRV. 
f. Critical primary structural elements will 
'be statically tested, and low-level tests 
will be conducted on the first flight 
vehicles • 
g. No equivalent tests are predicted for ILR V. 
h. Various elements of the landing systems 
will require development and verification 
testing. 
2. Equivalent pre-first-horizontal-flight checkout 
will be required for both OV and BV. 
3. TilXi tests for OV and BV will be equivalent 
to the XB-70 tests. 
4. Takeoff tests for various weather, wind, and 
weight conditions will be required. 
5. Landing tests will be required for all pre-
dicted nominal and emergency modes of 
vehicle configuration and weather conditions. 
6. Fir st flights will demonstrate low- speed 
characteristics with landing gear down. 
7. Subsonic maneuvering and handling perform-
ance evaluation tests will be conducted in 
incremental steps to maximum cruise and 
altitude conditions. 
Supersonic to full design speed and altitude test 8. No equivalent tests are predicted from the, 
horizontal flight mode te13t5 f01' ILR V. 
Engine out, engine air start tests 9. Engine out and all-engine, high-altitude air-
start capability will be demonstrated. 
SU$tained Mach 3 flight at 70,000 feet 10. No equivalent tests are predicted for ILRV . 
. ---------------------------------------------~--------------------------------------~ 
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Table 9.2-2. Saturn S-II Stage Development Test Programs and 
Comparable Tests Required for ILRV Development 
Saturll S-II Major Development Test Programs 
and Milestones 
Comparahlu ILH. v Major [)(!vulopm'mt TI!st 
Programs ilnd Milestones 
~----------.------------------------------+-------------~---
1. Major subsystem development test programs 
a. Flight control system including the engine 
actuation' system 
h. P~L'opellant slosh and vortex scale model 
tflsts 
c. LH2 tank insulation test program 
d. Common bdkhead tank test program 
2. Inte'grated system development test programs 
3. 
4. 
5. 
6. 
7. 
8. 
a. Electromechanical mockup (EMM) ( used to 
validate automatic checkout concepts and 
equipment) 
b. Battleship test program (used to develop 
propulsion systems checkout and tanking 
procedures as well as rocket engine cluster 
firing and gimbaling characteristics) 
S-II static loa.d structural test program 
S-II dynamic test program 
S-II facility-fit check program 
S-II-T flight~configured, nonflight vehicle, 
static firing pl"ogra,m 
S-II unmanned propubive launch program 
S-II manned launch operatiop.al program 
1. Major subsystem development test programs 
a. Flight control system tests will be required 
for both the OV and BV. Thl!sl! will 
include the! horizontal flight mode employ-
ing aerodynamic control surfaces, 
vertical launch mode with engine gim-
baling, and orbital and ;reentry using 
'reaction jets for attitude control. 
b. Propellant slosh and vortex control model 
tests will be conducted. 
c. Cry~genic tank insulation evaluation tests 
will be conducted . 
d. Tesl: is required for ILR'V'. 
2. Integrated systems development test programs 
a. Equivalent tests will b~', performed on the 
first fligb't test articles. 
b. Rocket propulsion system development test 
programs will be conducted for both the 
OV and BV to develop checkout and tanking 
prOced~lres, propellant feed system, 
rocket engine cluster firing, and 
throttling and gimbaling characteristics. 
3. A static structural load test progro.m will be 
conducted for critical primary structures such 
as landing gear, thrust structure, etc. Static 
load tes~s will be performed on first flight 
.' articles 'to verify load paths. 
4, 5. Dynamic and modal tests will be conducted on 
OV and BV dynamic/facility test vehicles. 
Vehicles will first be tested separately and 
then in the mated configuration. The same 
vehicles will be used for variou!? facility-fit 
check requirements . 
6. This equivalent testing will be accomplished on 
the propulsion system test program discussed 
under item (2) above. 
7. Since the operational BV will be umpanned, 
unmanned propulsive launches of the BV will be 
conducted. The BV will be recovered and 
reused, however, where each such test of the 
S-II involved an expendable booster. 
8. The airworthiness of the ILRV vehicles will be 
verified in gradual steps, with pilots on board 
for most flights of both the OV and BV. The 
ILR V will not have to wait for operational 
status befol'e it becomes a manned vehicle. 
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Table 9.2-3. Apollo Command and Service Module Development Test 
Programs and Comparable Tests Required for ILRV Development 
Apollo CSM Major Development Test Programs 
1. Major subsystem development programs 
a. Environmental control system tests 
b. Electrical power and distribution system 
tests 
c. Guidance and navigation system tests 
d. Heat shield development 
e. Stabilization and control system tests 
2. Command module parachute recovery tests 
3. S<)rvice module micrometeoroid experiment 
4. Command module water impact tests 
5. Command module pad abort tests 
6. CSM transonic abort tests 
7. CSM high-Q abort tests 
8. CSM high-altitude abort tests 
9. CSM power-on tumbling abort tests 
10. House spacecraft CSM to demonstrate i.nte-
grated systems compatibility, automatic 
checkout equipment operation, etc. 
11. CSM modal and dynamic tests 
12. CSM static structural tests 
13. Service module propulsion systems test 
program 
14. CM floatation and astronaut recovery program 
15. CSM acoustic test program 
16. CSM thermal vacuum test programs 
17. Unmanned reentry vehicle tests 
18. Manned earth-orbit program - operational 
demonstration 
Comparable ILRV Major Development 
Test Programs 
1. Major subsystem development programs 
a. f!;nvironmental control system tests will be 
conducted for crew and passenger com-
partments and possibly for the cargo 
compartment. 
b. Electrical power and distribution system 
tests will be conducted. 
c. Guidance and navigation 'system tests will 
be conducted. 
':'d. Heat shield verification tests will be con-
ductt~d, and external insulation will be 
developed. 
e. Stabilization and control syst.em tests will,' 
be performed. 
2. No equivalent test is predicted for ILRV. 
3. No equivalent test is predicted for ILRV. 
4. No equivalent test is predicted for ILRV. 
5, 6, 7, 8, 9. The inherent capability of the OV 
to assume horizontal flight coupled with its 
independent rocket propulsion and reentry 
systems provide the abort capability. These 
functions will be verified during the various 
phases of flight performance testing without 
expending large number s of spacecraft. 
10. No equivalent test article is predicted on ILRV. 
These test functions will be performed on the 
mockup or on the flight test vehicle. 
11. OV and BV will receive modal and dynamic 
tests separately and mated. 
12. OV and BV critical primary structures will be 
tested, and low-level static tests will be con-
ducted on the first flight ve:tJ.icles. 
13. OV and BV rocket propulsion system test pro-
grams will be re0uired. 
14. No equivalent test is predicted for ILRV. 
15. OV and BV acoustic test programs will be 
conducted. 
16. OV thermal vacuum test program will be 
conducted. 
17. Reentry will be demonstrated by gradually 
increasing tp~ reentry environment on the 
reusable vehicle. All OV flights will be 
manned. 
same 
18. Orbital operational tests will be performed 
using the same test vehicles used for the 
progressive tests, leading up to full opera-
tional demonstration. 
~--------------------------------~------~------------------------------------------~ 
':<The development of external densified quartz is critical. 
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predicted for the ILR V are discus sed opposite each of the selected vehicle 
test listings. Table 9.2-4 lists the major elernents of the ILRV program. 
The existence of similar -type tests for the selected reference vehicle 
systems are indicated in the appropriate columns. 
The X B-70 was de signed (though not completed) to be a reusable 
aircraft. The entire flight test program, therefore, was accomplished 
with two vehicles. The Saturn S-II and Apollo CSM vehicles were designed 
as expendable items. The development test program, therefore, used a 
separate vehicle for many of the vehicle tests listed. The ILR V is a reusable 
vehicle system, and the entire flight test prograr.fl is proposed to be accom-
plished with two complete flight vehicle systems, i. e., two orbiters and 
two boosters. The resulting high usage rate of the flight test articles will be 
used to develop the quick-turnaround procedures as well as to demonstrate 
the operational life intended for the operational vehicles. A component and 
system improvement program will be initiated at the beginning of the 
flight test program to identify high-maintenance items and to improve them 
so that the total system meets the tong-life goals which have bee.n established. 
It is noted also that a number of technology development programs are 
critical to the success of the ILRV. A major development item is the 
proposed external dens.ified quartz insulation (LI-15), which is not yet fully 
developed. 
9. 2. 2 Design Recommendation for Test Program 
Performance of the flight test portion of the lLR V development program 
requires that certain design features be incorporated into the test vehicles. 
Some of these features may also be desirable for the ferry mode of the 
operational vehicle. 
1. Provide crew safety provisions in the capsule (e. g., ejection 
seats). 
2. Equip the booster vehicle for manned flight; this provision would 
also be de sirable for the ferry mode. 
3. Make provisions for the orbita1.vehicle to be self-launched 
vertically by providing support structure in the boat-tail area 
similar to the provisions in the booster vehicle. 
4. Plan the first orbiter and first booster for horizontal flight test 
only. This should shorten the manufacturing time of these 
articles and decrease cost Eor the following reasons: 
a. No fll,nctional rocket engines need be installed. 
b. The cryogenic systems need not be complete •. 
9-33 
• 
I 
! I . 
I 
,. 
I 
1 
I 
" 
, i 
1 
i 
',' 
'I 
t'j 
. ::~ 
'I, 
, ~ 
, .. ~'" . ;' 
" • ,I~ 
-. ~ 
Space Division 
North American Rockwell 
Table 9. Z -4. ILR V Developlnent Tes t Program Requirements 
Conlpared to Selected Reference Vehicle Systems 
ILRV Major Development Test Programs 
1. Flight control simulator test program 
2. Airbreathing engine fuel system development test program 
3. Hydraulic power system development test program 
4. Critical primary structural element static load tests 
5. Rocket engine propellant slosh and vortex control tests 
6. Cryogenic tank insulation evaluation tests 
7. Environmental control system dl'welopment tests 
8. Avionics system development tests (includes guidance and navigation, 
communications, rendezvous control, stabilization and control, auto-
matic landing, on-board checkout systems, etc.) 
9. Heat shield verification tests and development of insulation 
10. Electrical power and distribution system development 
11.· Rocket engine propulsion systems development test programs (includes 
propellant feed system, tank pressurization, propellant quantity 
measuring, fill and drain, engine start systemf', etc.) 
12. 
13. 
Static structural load tests of critical primary structural elements 
Low-level static load tests on first flight-test vehicle 
14. Dynamic and modal tests performed on OV and BV separately and then in 
mated configuration 
15. Acoustic environment tests 
16. Facility-fit check verification 
17. Cargo handling and loading demonstration 
18. Pre-first-flight checkout-performed before first horizontal flight and 
fir st vertical rocket engine launch 
19. Taxi tests 
20. Horizontal takeoff and landing tests 
21. Low-speed, landing-gear-down handling characteristics 
22. Subsonic airworthiness, mane'uvering, handling, and flight performance 
demonstration 
23. Airbreathing engine out, engine airstart tests 
24. Rocket propulsion system tanking and deta.nking tests on flight vehicles 
25. Rocket engine static firing on flight test vehicles 
26. Vertical launch test program of individual (JV and BV flight test articles 
27. Vertical launch test program of OV and BC in mated configuration 
28. Full orbital demonstration tests including rendezvous; docking; and crew, 
passenger, and cargo transfer to space station (or simulated space 
station) from and to the OV 
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c. . The liquid-oxygen tank and propellant feed lines need not be 
i LOX -clean. 
5. Consider the incorporation of solid-rocket engines in place of the 
liquid-rocket engines in these first vehicles to supplenlent the jet 
engine thrust during the final phases of the horizontal test 
program to attai~ higher flight speeds. 
6. Provide the orbital vehicle with a ballast system which can be . 
adjusted for various cargo weights and center-of-gravity location 
simulation during the horizontal and vertical test flight modes. 
7. Incorporate additional jet fuel supply to allow test flights of from 
two to four hours for both the orbiter and the booster. This 
feature rnay also be require d for the ferry mode. 
During the design and development phase, several system and sub-
system mockups wi.n be built to provide for fit ind function. The se mockups 
will be from breadboards of subsystems to full-scale crew, passenger, and 
cargo compartrnents to provide for functional and human factors evaluation. 
The following development plan describes the ground and flight test 
programs for developrnent, qualification, and acceptance of these vehicles. 
, , . 
9. 2.3 Test Approach 
The test program is divided into two major categories: the ground test 
program and the flight test program. Figure 9. 2 -1 illustrates a proposed 
development plan test schedule. 
Ground Test Program 
The ground test program includes material evaluation tests, ,.wind 
tunnel tests, the development and qualification testing of the various 
component and subsystems, and the ground tests on the full- size complete 
structural test vehicles. Each of the major subsystems will be tested as a 
subsystem, and its functional performance will be verified prior to its use 
durling flight test. The functional performance of each subsystem and/ or 
component will be demonstrated in the predicted environments. Those 
components or subsystems purchased froITl outside suppl'iers will be tested 
. 
by the supplier s. 
A preliminary reliability assessm.ent of the following test plan shows 
that the ILR V should have a 90 -percent confidence of O. 96728 reliability at 
the completion of this program. Of this 90-percent confidence, 71 percent 
will be achieved by the various ground tests. These tests include subsystem 
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and component tests, complete vehicle structural tests, and "battleship" 
propulsion system tests. Ground tests on the flight test articles such as 
first preflight checkout, taxi tests, and static firing tests weigh heavily in 
the ground test program assessment, especially the static firing tests on 
these vehicles. Achievement of the 90-percent confidence stated above is 
aided by the fact that the test program is laid out on ever -increasing 
severity tests with no failures incurr,ed. Minor provisions are made for the 
possibility of failure during testing; basically, however, the program is 
defined as a "success plt"ogram." During the preparation of this development 
plan, items that appeared as potential problem (failure) areas were brought 
to the attention of management and converted to specifications for the design. 
Materials Evaluation. Testing will be required to define process 
parameters and materials and to evaluate the effects of certain processes. 
This test effort will provide initial selection of both materials and processes 
for fabrication of structural test panels. The testing can be broadly cate-
gorized as follows: 
1. Process development 
2. Mechanical and physical properties for characterization (not 
necessarily design allowable) 
3 • Effects of processing on mechanical and physical properties 
4. Life cycle or reuse capability 
5. Material development 
The materials to be tested are in two general classifications: heat 
shield materials and insulation. The metallic heat shield materials were 
not selected for the ILR V; future studies may show benefits from their 
usage, however, and their development should continue. 
The metallic materials are as listed below. The densified quartz was 
selected for the ILR V, and this material is a critical development item in 
terms of its durability and compatibility with the shuttle vehicle environment. 
1. TD-Ni-Cr 
2. Cb-coated with silicide (slurry) 
3. Haynes 188 
4. Ta-coated with silicide (slurry) 
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\ 
The nonmetallic materials requiring further test and develo\>ment are 
as follows: \ 
\ 
1. Zirconium diborid'e modified by silicon carbide 
2. Hafnium diboride modified by silicon carbide 
3. Reinforced pyrolyzed plastic 
4. Denaified quartz (LI-15) 
Two concepts of thermal control currently being considered will 
dictate evaluation of materials for heat absorption via phase change (solid to 
liquid) as well as normal high temperature and cryogenic insulation. 
The following list shows some of the insulation materials to be tested: 
1. Dynaflex 
2. Dynaquartz 
3. Microquartz 
4. Zirconia felt 
5. Ceramic standoff 
6. Polyurethane foam (spray foam) 
7. Foam-filled honeycomb 
8. Superinsulation 
Further studies may show that benefit can be obtained through the use 
of metallic heat shields; therefore, development of processes associated 
with these materials should continue. 
I 
Low-emittance coatings for internal surfaces to decrease thermal 
radiation to the insulation will be investigated. Flame-sprayed alumina and 
Hafnia with potassium silicate binder will be evaluated with life-cycle tests. 
, 
Machining and/ or grinding practices will require investigation. 
Ceramic parts will require retrioval of material to control ~ize and shape 
and to provide for attachrnent. The~mal shock tests a~d tests of physical arid 
mechanical property versus temperature to 3500 F are required. Diffusion 
bonding as well as fastener techniques will be investigated. Life-cycle tests 
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to evaluate the total envirorunental cycle effects and oxidation and emittance 
will be made. 
The potential use of pyrolized plastics as reusable radiative heat 
shield as well as nonreusa.ble ablation-type heat shields must be investi-
gated. Reu.sability is dependent upon the development of a satisfactory 
coating to prevent oxidation. 
Exposed insulation has been proposed for the ILRV by NASA. This 
concept must be investigated, and alternate materials must be developed to 
provide an alternative. Initial testing of insulation materials should 
demonstrate a general compatibility with the expected flight conditions to 
provide selection criteria. Early characterization testing of high tempera-
ture insulation must be done prior to structural test paj'~.el fabrication: 
Structural Properties 
Shrinka.ge after expOf3ure to maximum 200 to 2700 F, 0 to 100 hours 
operating temperature 
Compression - deflection after 200 to 2700 F, 0 to 100 hours 
exposure to maximum 
operating temperature 
Insulation breakup due to acoufitical 
and structural vibration before and 
after exposure to maxin:um operat-
ing temperature 
Thermal Conductivity Verification 
Mean temperature 
Pressure variation 
Prolonged exposure to maximum 
operating temperature 
General Characterization 
TGA weight ver sus temperature 
Frequency (TBD) 
G load (TBD) 
DB level (TBD) 
200 to 2700 F, to 100 hour s 
400 to 2000 F 
o to 760 
200 to 2700 F, 
o to 100 hours 
Moisture pickup before and after exposure to maximum operating 
temperature 
Thermal cycling - R T to 2700 F - I-hour maximum - 100 cycles· 
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Pressure cycling 
Corn bined environments 
COlupatibility betw'een insulation and metallic structure or package 
material 
Testing is required to define life cycle, including uppel temperature 
limit and high vacuum effects. 
During reentry the cryogenic tank wall is limited to 175 F to preserve 
the polyurethane foam.. An alternate cryogenic insulation that would tolerate 
higher temperatures could significantly decrease total insulation requiI'~­
ments. HRP honeycomb filled with a higher -temperature foam or micro-
balloons will be considered to provide 350 F capability. 
Wind Tunnel Test Programs. There will be two basic wind tunnel 
programs, one to determine the aerodynamic parameter s and the other to 
determine the thermal environment. There will be a cross flow of informa·· 
tion between the two programs as therInal test data may influence vehicle 
aerodynan"'lics and testing. 
The object of the wind tunnel test program is to verify predicted. 
aerodynamic characteristics of the proposed configurations and to determine 
aerodynatnic characteristics which are beyond the present analytical state of 
the art. With the data collected, the configuration will be optimized. Some 
of the problem area s to be investigated include~ 
1. Effect of wind loads on the erected ILRV at the launch pad 
2. Interference between the orbiter and booster during launch 
3. Separation characteristics 
4. Base drag 
5. Stability during high angle-of-attack-reentry. and transition to 
horizontal flight 
6. Control system effectiveness 
7. Flutter and buffeting characteristics 
8. Subsonic cruise characteristics 
9. Landing characteristic s 
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The thermal envirorunent wind tunnel program assu.mes that the booster 
and orbiter differ in scale only. Initial heat transfer testing during the 
con.figuration development phase would be with temperature-sensitive paint 
models to obtain basic data. Detailed data would be obtained with conven-
tional thin-· skin test models. The data would be '·,.13ed to verify prediction 
methods and models, and to provide information in areas that do not lend 
themselves to analytical solution. The aero heating data required to support 
the space shuttle design effort includes: 
a. Laminar and turbulent heating distributions over boo ster / orbiter 
fuselage, wings, tail, and elevatQrs as a function of Reynolds 
number, Mach number, and angle of attack at super sonic and 
hypersonic Mach numbers. 
b. Interference and shock impingement heating on and in the vicinity of 
booster / orbiter wings, tail, and elevator s as a function of Mach 
numbers, Reynolds number, and angle of attack; definition of 
requirements for leading edge sweep at supersonic and hypersonic 
Mach number s. 
c. Interference and shock impingement heating for the booster / 
orbiter combination on and in the vicinity of the connecting pylon, 
wings, tail, elevators, and booster upper surface and orbiter 
lower surface as a function of Mach number, Reynolds number, 
separation distance, leadi.ng edge sweep, and pylon design at 
supersonic and hypersonic Mach numbers. 
d. Boundary layer transition as a fUj~ction of angle of attack and 
Mach number at hype rsonic Mach number s. 
e. Regions of separation flow and heating levels within those regions 
at hypersonic Mach nurnbers. 
Prediction of heat transfer requires that local properties be known. 
Pressure tests are required to obtain this information. These data are 
needed throughout the Mach number and angle-of-attack range of interest. 
Supplemental data are required in the form of oil flow photographs and shock 
shape Schlieren pictures to define areas of interference heating . 
. ' 
SubsYf3tem Development and Qualification. Inmost cases, existing 
component state-of-the-art technology v:iJ.I support the requirements of the 
ILRV missions. Few, if any, major development test programs are 
anticipated at the component leve1.1 Development t\~sting of all of the 
1 
One major development program is for the rocket engines. 
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sUbsystems will be required, however, to verify design predictions and. 
to detect and resolve design and performance discrepancies at an early date. 
Since the ILRV combines technology from jet aircraft, rocket-engine-
powered launch vehicles ann earth-orbiting spacecraft, "off the shelf" 
components (i. E:'., JT -3D and JT - 9D turbojet engines) have not neces sarily 
been qualified for survival over the entire range of anticipated enviromnents. 
Qualification of components to the more extensive enviromnent and the 
longer -life requirements imposed by the reusability concepts will therefore 
be required in many instances. 
Qualification of the orbiter and booster vehicles will be based on the 
succes sful completion of a composite of ground and flight tests from the 
component level to the mated vehicle vertical launch level. In order to 
verify that the ILR V has completed all of its requir ed tests at the prescribed 
test level, a comprehensive test requirements/test operations ulat.rix will 
have to maintained. 
Structural Systems. Extenl'3ive testing will be done' on structural 
ele!nents of the orbiter and booster. These eleInents will be fabricated on 
production tooling wherever possible. SOIne of the major structural 
eleInents and associated tests t:hat are anticipated to be included in this 
phase of testing are surnInarized in Table 9. 2-5. A major structure/ 
thermal protection development iteIn is the qualification of the integrated 
st;ructure and therInal control systeIn. The capability of the e)~ternal 
densified quartz to withstand vehicle flexing and vibration and the sealing of 
joints r~quires extensive testing and ceraInic bonding. Successful comple-
tion of these tests will be 'One phase of the qualification of the ILR V structure 
and will be required prior to the start of the horizontal flight test program. 
Propulsion SysteIns. It is assumed that the engine developInent 
programs for the m.ain propulsion rocket engines, th~ ReS rocket engines, 
and the turbojet engines will be perforIned by the manufacturers per pro-
cureInent specifications; thus, they are not spelled out herein. The integra-
tion of the se engines with the other eleInents of the total propulsion systenl 
will be a Inajor task of the ILRV progl'aIn. 
"Battleship" -type rocket propulsion sy steIn developInent facilitie swill 
be required to perform this task for the Inain propulsion sy steIns, one for 
the orbiter and one for the booster. A jet fuel system for each vehicle will 
also be required. The developInent requirements for these test items are 
summarized in Table 9.2-6. 
Integrated Electr'onic s Subsystems. The integrated electronic s 
subsystems for both the orbiter and booster perform a number of independent 
functions. Development of these various functional elements can, for th~ 
most part, be done as separate parallel operation.s. No major breakthroughs 
9-42 
.. 
,-I 
1 
1 
i 
" 
,J 
~ 
, 
, 
1 
.1 
,1 
:,t 
" J 
1 
>I 
4 
I, 
,1 
',\ 
·1 ) 
~j 
, i 
~, 
,'i 
1 
, '{ 
:. 
'j , ' 
'J 
::fl 
I , 
~ 
"11 
'''" 
'". \-,. 
: .. 
;, 
. <f 
Table 9. 2- 5. 
Tost Article Doscription 
Landing Gear System 
One orbit,er and one booster 
~ gear assembly and 
attachment to the main 
fuselage structure 
One orbiter and one booster 
~ landing gear assembly 
and attachment tc.' the main 
fuselage structure 
Space Division 
North American Rockwell 
Structural Elements Te st Program 
Test Objectives Proposed Tests 
'.~"'''I,------+------------------i 
1. Verify design load predictions 
2. Optimize design 
3. Determine and resolvr~ any 
undesirable response to 
dynamic vibration environ-
ments, landing shocks, 
flexure during landing, and 
takeoff rolls 
4. Demonstrate operational life 
of <"('ar assemblies 
1. Static proof load tests 
2. Sinusoidal and random vibration 
and acoustic noise tests 
3. Impact shock tests 
4. Life-cycle testing including re-
cycling of extension and retrac-
tion mechanism under simulated 
aerodynamic loads and steering 
loads during takeoff ar:d landing 
5. Vacuum and heat cycles tests 
r-------------~'--------~~-------------------------4_----------------~--------~ 
. 
Rocket Engine Thrust Struct~ 
One orbiter and one boostel' 
rocket engine thrust structure 
Critical Fuselase Sections 
One orbiter and one booster 
center fuselage and wing root 
section out to and including the 
jet engine thl'ust structure and 
main landing gear hard points 
One orbiter and one booster 
aft fuselage including the 
horizontal and vertical surface 
root sections 
I Critical Mechanism , One set orbiter and booster 
attach/ separation mechanism 
e·· 
One cargo canister pivot 
mechanism 
Propellant Tanks 
I 
One set of orbiter propellant 
tanks' and one set of booster 
propellant tanks 
• 
1. Verify design load predictions 
2. Determine and resolve any 
undesirable response to 
dynamic vibration environment 
1. Verify de sign of critically 
loaded high-stress members 
2. Demonstrate operational life 
when s'ubjected to repeated 
loadings 
3. Identify and resolve any 
undesirable response to 
environmentq..l loading 
conditions 
/ 
I 
I 
/ 
1. Verify design load predicp'ions 
Z. Optimize design 
1. Static proof load tests including 
effects of engine gimbaling and 
various engine-out anomalies 
2. Sinusoidal and random vibration 
and acoustic noise tests 
1. Static proof load tests simulating 
steady- state loads 
2. Impac:t shock tests as might be 
im,:posed by landing loads 
I 
3. 91nusoidal and random vibration 
:and acoustic noise tests 
Life-cycle or fatigue testing 
simulating stress cycles associ-
ated with initial launch, reentry, 
subsonic cruise, and landing 
1. Static proof load tests 
2. Dynamic vibration and acoustic 
3. Verify ability to withstand 
dynamic environment and fune- 3. 
tion under desig,r,: loads 
noise 
Functional operation during and 
after laun,ch environment; sepa-
rat.ion mechanism functional 
demonstration for worst-case 
abort modes as well as nominal 
mission 
4. Demonstrate operational life 
I 
/ 
/ 
1. Determine structural integrity 
under critical load conditions 
.2. Identify and resolve any prob-
lems associated with the 
dynamic environment 
3. Verify load transfer charac-
teristics of the tank support 
points 
9-43 
4. Life-cycle testing to verify 
reusability for design life of the 
vehicle 
1. Static structural proof load tests 
2. Pneumatic and/ or hydrostatic 
proof pressure te~s 
3. Dynamic vibration and acoustic 
noise tests 
4. Life-cycle tests 
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Table 9.2-6. Propulsion Systems Tests 
~----------------------~---------------------=~~-----------------------, 
Tcst Article Dnscription 
Rocket Propulsion DeVdopmcnt 
One complete set of orbiter and 
booster cryogenic propellant 
tanks, both the main tanks and 
the on-orbit tanks. These tanks 
,,,ill be of flight configuration 
and will be interGonnected with 
the flight-configured propellant 
feed system and pressurized 
with the on-board pressuriza-
tion system. This may have to 
be supplemented by a ground-
based system to simulate the 
additional h~~ad imposed by the 
launch and injection accelera-
tion. Hydraulic power will be 
required to gimbal the engines. 
The tanks can be supported by 
nonflight-type, heavy-duty 
structure. Propellant feed lines 
for the reaction control system 
(ReS) engines and for the 
a uxiliary power unit (APU) will 
be installed. 
Jet Propulsion Development 
One orbiter and one booster 
complete jet fuel transfer 
system including transfer lines, 
pumps, valves and tanks. Jet 
engine fuel consumption 
demands to be simulated. 
Ferry pack tankage and tran,s-
fer systems to be installed. 
One orbiter and one booster 
jet engine nacelle assembly 
• 
Test Objectives 
1. Provide early test verification 
of the functional performancc 
of the propellant feed systems, 
pressurization systems, pro-
pellant quantity measuring 
systems, base heat shields, 
and hydraulic gimbal system 
demand rate s for various 
firing conditions 
2. Identify and resolve any prob-
lems associated with start-up, 
throttling, full-thrust 
operation, nxtension and 
retraction {J~ the nozzle exten-
sions, and shutdown of the 
cluttered engines 
3. Develop and optimize propel-
lant loading and unloading 
procedures and sequencing of 
systems during countdown 
4. Develop malfunction detection 
techniques and response for 
engine-out or malfunction 
5. Verify acoustic environment 
predictions 
1. Verify adequacy of fuel 
transfer system for opera-
tional requirements 
2. Verify performance of ferry 
pack system 
3. Demonstrate functional 
capability after exposure to 
launch a.nd reentry 
environment 
" 
1. Verify operation of nacelle 
inlet and exhaust closure doors 
under simulated aerodynamic 
loads 
2. Verify operation of door seals 
and ability of the closed 
nacelle to maintain a positive 
pressure in a high vacuum 
environment 
9-44 
Proposed Tests 
1. Proof pressure tests 
2. Fill and drain operations and 
cold flow tests using LN2 and 
LH2 
3. Hot firing tests fo!' various 
durations and wUh different vari-
ables such as gimbaling, 
engine-out, erratic-start 
sequence, restart, etc. 
4. Monitoring temperatures in and 
around the engine compartment 
5. Mapping acoustic noise levels 
around test stand 
1. Proof pressure tests 
2. Flow tests under nominal and 
simulated failure-mode 
conditions 
1. Functional door operation under 
simulated load conditions 
2. Pressure leak tests in a 
vacuum environment 
-
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in technology are anticipated as a requirement for the development of these 
functions, but the existing analogous subsystems from other spacecraft and 
aircraft will have to be modified and/ or tailored to meet the specific require-
ments of ILRV. 
The functional elements which will require this parallel development 
and/ or adaptation are as follows: 
Guidance and Navigation - Both the booster and orbiter require G&N 
subsystelTIs; however, the booster system lTIay be less cOlTIplex due to 
the nature of its mission profile. 
Displays and Controls - The display and control functions will be quite 
different for the orbiter and booster due to the significant difference in 
operational requirements. Since the booster is unlTIanned except for 
ferry flights, its crew cOlTIpartment displays and lTIanual control 
features will be very similar to those for conventional aircraft. The 
orbiter will have the salTIe controls and functions plus all those 
required for orbit insertion, rendezvous, docking, and reentry. 
Orbiter displays and controls will generally utilize electro-optics. 
Two separate developlTIent operations will therefore be required. 
COlTIputer SubsystelTI - The hardware for both the orbiter and booster, 
which is the heart of the on-board checkout systelTI, will be very 
silTIilar if not identical. The software associated with each vehicle will 
be tailored to that vehicle's particular requireITlents. One hardware 
and two software development programs will be required. These 
programs will have to be coordinated very closely with the development 
of the other subsystelTIs which are to be monitored and checked out" by 
the computer controlled subsystem to ensure compatibility. 
Communication Subsystem - The comlTIunication subsystems for the 
orbiter and booster will have some commonality and yet, some 
\ 
distinct differences. The operational orbiter is manned and will 
require on-orbit comlTIunication with both the ground and with a space 
station. The operational booster is unmanned except during ferry 
flight but must deorbit, return to base, and land. Each vehicle must 
also have an "automatic" landing capability. Both vehicles will require 
aircraft-type communications for ferry flights. These functions are 
all "state-<?f-the-art" in such v,ehicles as Apollo and on experimental 
aircraft. Development, therefore, is anticipated to be primarily for 
the antennas and an adaptation to the ILR V vehicle s. 
Electrical and Hydraulic Power and Distribution Subsystems. Electrical 
power is derived from batteries and auxiliary power unit (APU) driven alter-
nators on the booster and from batteries, APU -driven alternators and fuel 
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cells on the orbiter. Hydraulic power is developed by hydraulic pumps 
driven by the saIne APU's that drive the alternators. Development programs 
will be required to scale up the horsepower of LOX/LH2 turbine APU from 
existing hardware to 150 -hp units for the orbiter and 250-hp units for the 
booster. Fuel cells will have to be scaled up to a 5-kw size. Complete 
subsysten1. siU1.ulators will be required to verify perforU1.ance for the various 
predicted deU1.and and response rates for both the electrical and hydraulic 
power distribution subsystems. 
The se siU1.ulator s will include all of the critical functional elements of 
the subsystem under test. The electrical power distribution will include the 
transformer s, rectifier s, inverter s, regulator s, battery charger s, switch-
ing logic, displays and controls, and simulated loads -all interconnected by 
a simulated wire harness. The hydraulic power subsystem will simulate the 
distribution pressure losses and the power demand rates associated with 
various worst-case requireme.:.lts of the subsysteIn such as aero surface 
control, rocket engine gimbaling, rocket engine nozzle extension and 
retraction, opening of the turbojet enclosure seal doors, and deployment of 
landing gear. All of the many control valves, servos, cylinders, controls 
and displays will be inc luded in the simulated subsystem for evaluation. The 
basic component technology of the subsystem is considered to be state-of-
the art. Certain aspects such as the impact of the space environment and 
high-teU1.perature reentry environment on seal leakage and lubrication of rod 
ends and control surface hinge points must be examined very critically, 
however. 
Environmental Control/ Life Support Subsy stem. The environmental 
control subsystem provides active thermal control to various selected areas 
of the vehicle. This consists primarily of removal of excess heat by fluid 
coolant 'loops and subsequent rejection to space. For the orbiter it also 
provides the "shirt-sleeve environment" and life support subsystem for the 
crew and pas sengers. Existing component technology will satisfy the various 
predicted requirp.ments of prelaunch, launch, orbital stay, reentry, 
atmospheric flyback, and postlanding. A development program Will be 
requir ed to integrate this t.echnology into an optimized subsystem that will 
repeatably operate over the entire environU1.ental spectrum. A full-scale 
crew/passenger compartment with operating environmental control crew/ 
pas senger life support subsystem will have to be te sted in an altitude 
chamber to siInulate the operating conditions. The testing of a complete 
functional subsystem including space radiators, coolant loops, and all heat 
loads in a therll1.al vacuum chamber, such as the MSC chamber, will have 
to be evaluated against testing of the basic crew compartment in a chamber 
with altitude siU1.ulation only. 
Static/Dynamic Vehicle Tests. One cOU1.plete orbiter structure and one 
complete booster structure will be fabricated for static and dynarnic tests at 
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the vehicle level. These vehicles will be complete with respect to all primary 
and secondary structures. Functional subsystems will not be installed but 
simulated masses will be installed. It is desirable that the static and 
dynamic testing described below be done at or adjacent to the final assembly 
plant. Due to the physical size of these vehicles, they are not readily trans-
portable to other sites. There are also advantages to performing the testing 
in the proxim.ity of engineering and manufacturing support. 
Static proof load tests {not a test to d.estruction} will be conducted on 
the vehicles, simulating the critical loading conditions the vehicles will 
experience during the various phases of the mission profile. Specific: phases 
to be included in this test program include launch, separation, high angle of 
attack, reentry, transition to horizontal flight and landing. The load 
conditions of horizontal takeoff, cruise, and landing for the ferry mode and 
for flight test must be examined to determine if these impose any load 
conditions more critical than the operational mission profile. 
After completion of the static load tests, the vehicles will be subjected 
to dynamic load tests. These will consist of sinusoidal and random'vibration 
over the frequency and acceleration spectrUITl predicted for the various oper-
ational phases of the mission profile. Resonant frequency searches will be 
made for both of the vehicles, and the acoustic environment of the launch 
phase will be simulated. These tests will be performed on each vehicle 
separately. Sufficient testing will be performed to demonstrate that there is 
no detrimental dynarrlic coupling effects between the orbiter and booster when 
in the mated conf~guration during the first-stagE,! boost. 
At the completion of the static and dynamic tests, consideration should 
be given to the use of these vehicles as facility fit-check vehicles at the 
launch site. These vehicles are not functional and, therefore, are not 
capable of self-ferry operations. Surface transport in the assembled condi-
tion is not considered feasible due to the la.rge size. An alternative is to ! 
disassemble the vehicles at the final assembly manufacturing closures in 
such a manner that t.he vehicles are broken into transportable elements. 
Transport of rather large elements by barge as was done fer S-II and S-IC 
stages of the Saturn V launch vehicle has been previously demonstrated. The 
vehicles could then be reassembled at ETR and used to develop procedures 
and techniques for mating and erection. Ground crew training and launch site 
qualification on other than the first flight vehicles are two major benefits of 
this utilization. 
Another consideration that requires additional study is the possibility of 
performing the dynamic tests on the erected vehicles at ETR on the launch 
pad. The V AB might be considered if the vehicle a~rodynamic surfaces were 
not necessary for this test, Transport to ETR would be by segments as 
described above. The dynamic test facilities at MSFC should also be 
considered in this study. 
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Flight Test Program 
The ILRV flight test program is based on a step-by-step progression 
from limited performance requirements and environmental exposure to the 
ultimate mission profile requir:ement. Initial flights will test the fixed-wing 
aircraft capability. The vehicles will be configured for ferry and flight test 
purposes with additional jet fuel tanks to allow flights of two hours or more. 
Only two orbiters and two boosters are designated for flight test purposes. 
The first operational booster and orbiter are identified as flight test backup 
articles if the need should arise. The fir st orbiter and booster will not 
contain complete rocket engine systems and will be limited to horizontal 
takeoff and flight using the jet engines only. In addition, the booster will 
incorporate provisions for manned flight. These provisions will also be 
required for the ferry mode of the operational vehicles. The first flights 
will b e horizontal takeoff and la.nding flights using the jet engines only. These 
flights will verify the system functions and aerodynamic airworthiness of the 
vehicles. 
These flights will be followed by orbiter-only and booster-only static 
firing and rocket powered flights. The second orbiter and booster as initially 
completed by manufacturing will have all the systems installed to support the 
dernonstration of the nominal mission flight profile, with the exception of an 
operational cargo canister. The orbiter configuration will be such that the 
cargo canister can be installed at a later date for subsequent testing. The 
final flight test phase will be mated launches of the orbiter and booster to 
demonstrate a nominal mission profile of launch, separation, earth orbit, 
rendezvous, dock, deorbit, reentry and return to the prime landing site. 
The flight test program is considered to begin with the delivery of the 
first flight vehicles from manufacturing to the test organization. A number 
of operations are performed on the flight test vehicles such as preflight 
checkout and static firing tests which are ground based but are included in 
this flight test program description. They are included because they are an 
integral part of the program and maintain a sequential chronology of the 
various test phases. For the purposes of this study it is assumed that final 
assembly and checkout of both the orbiter and booster is done at Palmdale, 
the jet-engine-powered flight test is done at EAFB, and vertical rocket 
engine powered launch is done at ETR. The vehicles are both self-ferried 
from EAFB to ETR. 
Orbiter No. I and Booster No. I Flight Test Vehicles. The first 
o.rbiter and booster fabricated for flight test will not be of operational 
configuration. They will be intended for horiz ontal jet-propelled flight only 
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and will differ from the operational configuration in the following major 
aspects: 
1. They will not have functional rocket engines; dummy masses will 
be installed instead. 
-. 
z. Avionics required for launch, orbital operations, rendezvous, and 
reentry modes only will not be required. 
3. The on-board checkout system need not be completely functional 
at the time flight te sting is initiated. 
4. Additional jet fuel tanks will be installed to increase the jet-
powered flight duration at the nominal cruise velocity. In the 
orbiter, the additional fuel tanks can be placed in the cargo bay 
where a gross weight of 50, 000 pounds can be accommodated. 
This will provide a range of approximately 800 miles including 
takeoff, climb, cruise, descent, and landing. In the boost 
vehicle, additional jet fuel tanks can be installed in the body 
forward and aft of the main landing gear. 
5. Provisions for a flight crew will be made in the booster. This 
and the additional flight time capability will also be required for 
the ferry mode of the operational vehicle s. 
6. The operational LOX / LH Z gas turbine auxiliary power unit will be 
replaced by a JP-fueled APU. This will avoid the hazard and 
logistics problems of loading the LOX and LHZ during the early 
flight test phase. It would also avoid the hazard of the hydrogen-
rich exhaust during ground operations. 
7. Life support systems for nonatmosphe ric flight may be eliminated. 
Provisions for short-term high-altitude flight will be required. 
8. No passenger compartment is required; mass simulation of the 
compartment should be made. 
9. Ejection seats for the crew on both orbiter and booster flight test 
articles will be required. 
After manufacturing 'completion of the first orbiter and booster, a 
comprehensive preflight individual and integrated system checkout will be 
performed. The flight test instrumentation systems will also be installed 
and calibrated during this period. Approximately three months has been 
allotted for each vehicle for these operations. The type, nurnber, and 
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sequence of tests for the orbiter No. 1 and the booster No. 1 are essen-
tially identical. The following discussion is therefore applicable to both 
vehicles. 
The time allotted for taxi tests prior to the first flight is approximately 
one lnonth for each vehicle. Taxi tests will be performed to verify the 
following performance characteristics. All (If the following tests on dry 
runways will be completed prior to the first flight. Wet runway and cross-
wind evaluation may be performed later in the test program. 
1. Braking tests for static holding power, differential control at low 
speeds, and rapid decelerations from low, intermediate, and high 
speeds. The effect of varying cargo weight and c. g. location 
will be deter.m.ined. Minimum stopping distance for landing and 
for abort during ground takeoff roll will be determined. These 
tests will be performed under both dry and wet runway conditions. 
2. Steering test at low, intermediate~ and high speeds up to the 
takeoff velocity. Simulated cargo weight and c. g. location will 
be varied. Tests will be p~rformed under both wet and dry 
runway conditions. Where possible, the effect of crosswinds will 
be evaluated. 
Flight 1. The first flight will be a ferry flight from Palmdale to EAFB 
and will demonstrate tak~;off and low-speed gear-down handling character-
istics. Landing win detrlonstrate deceleration devices. 
Flights 2 through 10. These flights will be used to verify the flight 
characteristics up to the maximum speed and altitude attainabl~ in aero-
dynamic flight. With engines and vehicle configuration under study, a maxi-
mu;m speed of Mach 0.5 at 30,000 feet is predicted. Data will be obtained to 
verify aerodynamic characteristics predicted from wind tunnel tests and to 
verify general airworthiness of the vehicle in horizontal flight. Parameters 
to be considered include: 
•• 
1. Stability and control at various airspeeds, gross weights, 'and c. g. 
z. Control characteristic s for various maneuvering conditions such 
as pitch, roll, and yaw separately and in combination, during both 
slow and rapid changes in attitude 
3. Jet engine performance at various attitude and throttle settings 
4. On-board subsystem performance 
,5. Automatic landing system 
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Flights 11 Through 20. This series of flights will demonstrate engine-
out cruise and landing capability including go-around. High-altitude engine 
start capability (single and multiple) will be demonstrated. The handling 
and performance impact of different cargo weights and c. g. locations within 
the design envelope will be evaluated. Various climb rates and cruise speeds 
will be flown to verify predicted optimum ferry-mode flight profile. 
Additional flights may be made for crew training purposes and to 
perform reliability-type test flights to increase the confidence level for 
subsequent flight phases. The vehicles will also be available for any 
additicnal special tests which may be indentified. 
The second orbiter and booster fabricated for flight test purposes will 
be essentially the same configuration as the operational vehicles. Some 
modific~tions or additions will be required to support specific tests. These 
are discussed in connection with the tests under consideration. These items 
will leave little or no scar weight when the orbiter is used for operational 
mated launch demonstration. 
The objective of the flight test program is to progressively and 
incrementally increase the severity of the flight envirotu-nent to that of the 
operational vehicle. The first phase of the program, however, is to verify 
the aerodynamic airworthiness of this particular vehicle in subsonic flight 
and to verify consistency with the flight characteristics of the No. 1 flight 
test vehicle. 
A comprehensive systems functional checkout of the systems will be 
performed after manufacturing completion to verify the functional integrity 
o~ the vehicle. Flight test instrumentation will be installed and calibrated. 
Primary emphasis will be placed on readying the vehicle for j et- engine-
powered flight at this time. This test phase will also include taxi tests. 
These taxi tests are not intended to be as extensive as those performed on 
the No. 1 vehicle. They will be limited to braking and steering. tests on dry 
runways to verify response concurrence with the handling characteristics 
demonstrated by flight test vehicle No.1. Tests will be performed at lOW, 
intermediate, and high speeds. This fir st preflight checkout is expected to 
take approximately three months. 
J et-Engine-Powered Flights. i A minimum flight test prograrn based 
on takeoff and flight with the jet engines will be performed. "" These flights 
will verify the airworthines s of this vehicle and demonstrate concurrence 
with the flight handling characteristics demonstrated by the No. 1 flight test 
vehicle. The first flight will be a ferry flight from Palmdale to EAFB. This 
flight will verify that the takeoff nominal flight attitude and landing character-
istic s are consistent with vehicle No.1. Flight No. 2 will 'verify the flight 
handling characteristics up to the design cruise speed. Stability and control 
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parameters and subsystem performance will be verified to be consistent 
wi th vehicle No. 1. The instrument landing system s operations will be 
verified. This flight will demonstra te high-altitude engine starts and will 
further verify consistency with vehicle No. 1 operation. Flight No. 4 will 
be a ferry operation from EAFB to ETR. Due to the limited range of the 
vehicle, even with the ferry pack installed, this operation will be a series of 
flights between selected air bases across the United States. Figure 9.2-2 
shows SOIne of the military bases across the Southern United States that 
have runway lengths and load bearing capability to handle vehicles of this 
size. Verification of horizontal flight handling characteristi. c sand subsysteIn 
operation will be continued as a part of this ferry operation. 
Orbiter Rocket-Engine-Powered Flight Test Trades. In order to 
investigate flight regiInes more severe than those achievable by the jet-
engine -propelled flight, it is nec e s sary to utilize the orbiter's rocket 
propulsion systeIn or vertically launch the vehicle on the booster. Two 
options exist for separate flight testing of the orbiter using the Inain 
propulsion system: (1) the orbiter Inight take off horizontally from a runway, 
rotate ,to a near vertical trajectory, and accelerate to supersonic speeds 
and altitudes well above most atmospheric effects or (2) the orbiter might 
take off vertically from a launching pad following a trajectory similar to 
conventional rocket launches. Both of these approaches have distinc;:t 
advantages and! disadvantages. The decision is not a clear-cut obvious one; 
therefo,re, a preliminary tradeoff study was performed. Some major con-
siderations that were evaluated in reaching a baseline decision for the pur-
poses of this study are listed below: 
1. Orbiter Vehicle Modifications Required for Separate Flight With 
Main Propulsion 
Horizontal Takeoff 
a. The LOX tank is located so far forward that if used for LOX, 
several probleIns develop: (1) the c. g. shifts approxitnately 
22 feet forward, far enough that it may not be possible to 
trim the vehicle for aerodynamic flight; (2) this forward c. g • 
shift will drastically overload the nose gear, necessitating 
the installation of a "beefed up" nose gear for this mode of 
launch; (3) the LOX propellant feed system Inay not support 
rocket engine firing with the vehicle horizontal. 
A possible solution is to build a special flight test LOX tank 
to be lo::ated .in the cargo bay instead of the cargo canister. 
Only a partial load of propellant (approximately one-half the 
total capacity) can be on-loaded. There is ample room. for a 
LOX tank of this size to be located in the cargo bay in such a 
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position that the c. g. ismov€j back to the normal position 
for aerodynamic flight. This approach creates a structure 
overload condition in the cargo bay. 
The use of this supplemental LOX tank and feed system doe s 
impose a signiiicant weight and design penalty. 
b. The LHZ tank will be only approximately one-half full and a 
propellant location devic~ will be necessary. The accelera-
tion during takeoff w~'J cause the LHZ to move to the aft 
portion of the tank. This shift in the c. g. location at a 
critical time may also be a problem • 
c. Static firing of the orbiter s in the horizontal po sition may 
require the addition of special hard points to restrain the 
vehicle. 
Orbiter Vertical Takeoff 
a. The orbiter does not have a tail section desig~ed to support 
it in the vertical position as does the booster. The most 
feasible rnethod of support is by the orbiter /booster attach/ 
separation fittings. Since the loading and mode of separation 
are somewhat different than for in-flight separation, a 
different mechanisrn will proba1:..ly be required. It is antici-
pated that this will be interchangeable with the operational 
configuration mechanism and therefore leave no scar weight. 
This same special mechanism would also be used to support 
the v'ehicle during static firing of the rocket engines prior to 
vertical flight. 
z. Orbiter Rocket Engine Static Firing 
Horizontal Takeoff 
Prior to rocket-engine -propelled takeoff, the engines will need 
to be static iired to ensure a satisfactory confidence level in the 
propulsion system. Since takeoff in the horizontal position will be 
done at considerably les$ than full thrust, the static firing in this 
position need not be done at full thrust. 
Orbiter Vertical Takeoff 
Static firing of the orbiter prior to vertical launch can be done on 
the launch facility. These firings can be done at full thrust for full 
duration. The method of support by the orbiter /booster attach 
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fittings may impose a constraint on the maximum allowable 
engine gimbal excursion during engine firings. 
3. Facility Modifications Required 
Orbiter Horizontal Takeoff 
a. The runway length requirements for orbiter rocket engine 
takeoff are less than those for jet engine takeoff. For 
vehicles loaded to the maximum weight for horizontal takeoff.! 
the runway roll for rocket power is approximately 250~ feet; 
for jet engine takeoff, it is approximately 8000 feet. Protection 
of the runway surface from rocket engine exhaust impingement 
will have to be considered, however. 
b. ·A flame deflector for horizontal static firing of the rocket 
engine swill be requir ed, Tie -downs or restraint mechanisms 
will be required to hold the vehicle during firings. 
c. Propellant servicing capabilities would have to be provided. 
d. Assurrdng that the testing will, be done at EAFB, all of the . 
communications and other support operations for jet engine 
flight test will be available. 
Orbiter Vertical Takeoff 
a. It is assumed that vertical launch and static firing will be 
done from a modified operational launch facility at ETR.. On 
this basis ~ a substitute booster-type fixture will be 
required to support the orbiter by the booster / orbiter attaGh 
fitting s for static firing and for launch. 
'b. The flame deflector for the launch facility will'have to be 
designed for full duration static firings instead of for the 
short flame exposure of a launch. This probably involves a 
water -cooled deflector instead of a "dry" deflector. 
c. Special propellant loading and vent connections will be 
required as the orbiter will be in a different location with 
respect to the pad than during a normal mated launch. 
9-55 
.L-,......:;;......:.. __ ::==!o._--..... "'"::;,,~-:....-.-....... -""'----~--------- .. -_ .... cn. . .L 0 .llL.., ., '"' 
I 
I 
I t . 
'1 
. i 
,. 
, ~ Space Division ~ ~ t\lorth,~merican Rockwell 
4. Performance 
Orbiter Horizontal Takeoff 
a. Assuming the c. g. and structural problems ~an 'oe solved, the 
amount of propellant that can be loaded on the orbiter will ' 
be slightly less than half of the tank capacity of the orbiter. 
A preliminary flight trajectory has been developed which 
indicate,s the order of magnitude of maximum flight perform-
ance attainable by this mode of flight. The primary constraints 
used in developing this flight path were to limit the maXimUlTI 
acceleration to 2. 5 g's and to limit the maximum dynanlic 
pressure to 400 psf. The ascent path was shaped so that the 
orbiter could, after burnout -descend on a path similar to the 
last portion of an orbital reentry trajectory. It appears 
reasonable to expect to achieve velocities of approximately 
Mach 4. B at an altitude of 113,000 to 114, 000 f€'et at rocket 
engine cutoff due to fuel depletion. The orbiter would coast 
up to approxirnately 138, 000 feet. Additional details are 
shown in Figures 9. 2-3, 9. 2-4, and 9. 2-5. 
The cruise range back to the base is approximately 150 ~o 
200 miles. The jet fuel carried for an orbital mission will 
probably not be sufficient for flyback to the point of takeoff. 
For the flight profile illustrated, approximately 9000 pounds 
of jet fuel was carried on ... board to enable a return to a site 
other than the launch site. 
This flight profile is illustrative of the gcne:r:al capabilities 
possible but is not considered an optimum flight. If this 
approach to testing is adopted, 'a flight optimization study 
will be performed to assure maximum performance capability 
is achieved. 
Orbiter Vertical Takeoff 
An orbiter -only launch with full propellant tanks can easily 
achieve a velocity in excess of 8000 fps at an altitude of over 
3000, 000 feet. This launch condition has no aoort capability in 
the event of a rocket engine failure during the first portion of the 
launch trajectory. A more realistic approach involves off-loading 
propellants until a thrust to weight ratio greater than one with one . 
engine out is achieved. This results in 300, 000 pounds of 
propellant on board at the time of launch. This is the same as the 
maxim.um propellant on board for the horizontal takeoff mode. A 
detailed trajectory has not been computed, but a preliminary 
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analysis indicates the performance should exceed that of the 
horizontal rocket engine takeoff mode by a small amount. 
Turllaround Operations 
Orbiter Horizontal Takeoff 
Turnaround operations would be done at the facility already in use 
for turnaround operations for jet flight. The facility capability 
would have to be expanded to encoU'lpass the rocket propulsion 
system technology. This includes provisions for tanking and 
de tanking cryogenic propellants, burn-off facility for the GHZ 
overboard vent, and postflight inerting. 
Orbiter Vertical Takeoff 
Turnaround operations would involve activating the operational 
facilities with complete vehicle technology. Initial flight 
turnaround times would probably he slower than for the horizontal 
takeoff mode as the facility is beilibg "de-bugged" simultaneously 
with vehicle turnaround. This app:xoach does help ensure that the 
operational facility is functioning smoothly by the time operational 
capability of the vehicle has been achieved. 
Safety Considerations 
Orbiter Horizontal Takeoff 
a. Blast hazard of the LOXl LHzBystem results in an over-
pressure radius of approximately one mile for a potential 
overpressure of 0.4 psi. The takeoff .runway cannot be 
phy~ically adjacent to the hangIa-x facilities as it can for jet 
engine operation. 
b. A single rocket engine failure does. not resmilt in a catastrophic 
failure at any time durin:.g takeoff. HOlth engines will be 
operating at approximately o.ne-Jaalf rated tilarust or less. If 
one engine fails, the thrust of the o~ther cam be increased, 
resulting in only a short transientd:ec:rease in power. Engine 
gimbaling cctn correct for the off centerline of thrust. Also, 
one rocket engine at half pOWEr provide s mo.re thrust than all 
four jet engines operating .at full power. Ae:rodynamic flight 
therefore could be nlaintained -easily without any adjustment 
of throttle setting. Many .options for safe abort are ther«~fore 
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available. Rocket engine failure, short of explosion, would 
result in mission abort but would not likelY result in loss of 
either vehicle or crew~ 
Vertical Takeoff 
a. The blast hazard for an orbiter alone is much less than for an 
orbiter /booster combination. The safety provisions of the 
launch con~plex for operational launche s are more than 
adequate for an orbiter-only launch. 
b. A single rocket engine failure during the launch of a fully 
loaded orbiter including a 50, OOO-pound payload would result 
in a catastrophi.c failure if it occurred during the first few 
seconds of launch. At some point there will be sufficient 
velocity and altitude for the orbiter to rotate into an 
aerodynamic flight pattern and safely return. The present 
studies have not yet determined this critical time with no 
abort capability. By launching with only a partial load of 
cryogenic propellants am little or no payload weight, the 
critical period can be m.inimized. By reducing the propellant 
loading to 500, 000 -pound gross weight, the thrust to weight 
ratio with one rocket engine out is g'reater than one, and 
abort capability does exist. Flight profile capabilities under 
this conditicn have not yet been determined, but the perform-
ance is anticipated to be equal to or slightly greater than that 
achievable by' rocket-engine-powered flight with horizontal 
takeoff . 
7. Summary 
Orbiter Horizont.al Takeoff 
a.. Major Objections 
(1) Major modification to the orbiter is required (new LOX tank 
and m.odified propellant feedline or heavy duty no se gear). 
(2), Maximum performance is limit.ed becaus e o"f the limited 
propellant load. 
, 
Although super sonic flight regimes can be investigated, the 
hypersonic regimes, which are con~idered the most critical, 
cannot be adequately investigated incrementally • 
... 
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b. Significant Advantage s 
(1) Safety of the takeoff and flight operation; engine-out 
condition does not result in a catastrophic condition, and 
takeoff is under aerodynamic flight conditions which have 
been previously verifie d. 
(2) Does not require operational launch complex to be 
completed as early in the program as for vertical 
takeoff. 
Orbiter Vertical Takeoff 
a. Major Objections 
(1) Modification required to the launch pad required for 
orbiter static firing and launch. This same rrlodification 
provides the capability for tanking, cold flow, and static 
firing of operational vehicles, however, required for 
acceptance testing. 
(2) Safety of the launch operation. No engine out abort 
capc;Lbility of a fully loaded 'orbiter during the first few 
sec~mds of launch. Loading only partial propellant 
cap~.city will provide abort capability but does also limit 
performance capability. 
b. Significant Advantage s 
(1) Performance capability; the flight regim,e between jet 
engine flight and mated orbiter /booster launch can be 
completely bridged by orbiter-only vertical launch even 
with partial tanking. 
Selected Orbiter Individual Flight Test Program. Based on the 
iruor'Lnation presently available, the vertical launch mode of test flight will 
be considered as the baseline for the ,orbiter. Resolution of the engine-out 
abort problem can be approached by building the confidence factor prior to 
launching with the nonabort condition. This can be accomplished in two 
ways: (I) multiple static firings and (2) sacrificing performance for 
safety during the initial launches. Since the initial launches will not attempt 
to achieve maximuln performance, this may not represent a significant 
sacrifice in performance capability. 
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Tt 'i. s approach should be reevaluated as more definitive vehicle 
configuration and performance and facility requirements are deternlined. 
Schedule constraints, facility availability dates, and any revised rr.anufactur-
ing completion dates should also be considered when luaking a final decision. 
Three static firings are planned. The first will be an ignition-only 
test. The subsequent tests will b e of extended duration. Prior to the first 
firing J the facility/vehicle interface and the vehicle cryogeni.c compatibility 
will be verified by conducting tanking and detanking cold flow te~1ts. The 
parameters to be tested during the static firings include rocket propulsion 
system clustered engine start, restart, sustained firing performance, engine 
~imbaling excursion and frequency response rate, and engine throttling 
characteristic s. The predicted acoustical and vibration environment will 
also be verified. ' 
Individual Rocket-Powered Vertical Launch Tests. Fi.gure 9. 2-6 
illustrates the type of flight performance that is possible with this mode of 
flight. The intent of this flight program is to shape the ascent so that the 
descent fQllows the low.er portion of Fl. nominal mission reentry profile. 
This performance is considered to be repre sentative only and has not been 
optimized. Firmer definition of vehic:le configuration and weight are 
required before this is done. The first launch will not exceed Mach 1 
velocities. The prime objective will be to verify vertical launch techniques. 
The maximum altitude will be adequate to safely demonstrate jet engine 
start and flyback to the launch site. The next three launches will take the 
orbiter incrementally to the supersonic regime of approximately Mach 2 at 
70, 000 to 80, 000 feet and demonstrate aerodynamic stability of the vehicle 
at 60 -degree reentry attitude and pitch-over transition to horizontal flight. 
The capability of the rocket en:i-iiic a.ttitude control system to establish the 
high angle of attack and the aerodyn;;'H~llic surfaces to maintain the high angle 
and the transition to lo~ angle ot attack will be demonstrated. Vertical' 
launches 5, through 10 will be similar to the first vertical flights except that 
reentry velocities will be increased with each flight up to the normal 
operational flight performance regime. These flights may have the limited 
abort capability described in the tradeoff considerations. 
Booste:t'-Rocket-Engine-Povvered Flight Test Trades. In or,der to 
inv~stigate flight regimes more severe than those achievable by the jet 
engine propelled flight, it is necessary to use the rr.ain rocket propulsion 
system. The booster might take off horizontally from a runway, rotate to a 
near vertical trajectory, and continue to accelerate to supersonic speeds or 
take off vertically from a launch pad and follow a trajectory similar to that of 
the nominal launch. Some of the major considerations that were evaluated in 
reaching a baseline decision for the purposes of this study are presented 
here. 
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1. Booster Vehicle Modifications Required for Separate Flight With 
Main Propulsion 
Horizontal Takeoff 
a. The LOX tank is located so far forward that if used for LOX 
with the vehicle horizontal, several problems develop: (1) the 
c. g. shifts forward far enough so that it is doubtful that the 
vehicle can be trin1med for aerodynamJc takeoff; (2) this 
forward c. g. shift will drastically overload the nose gear; 
(3) the LOX propellant feed system. may have to be modified 
to support rocket engine firing with the vehicle horizontal, 
particularly with only a parti~.I propellant load on board. .A. 
proposed solution to this r.:. g. pr.oblem is to build a special 
flight test modification to the LOX tank, i. e., a new "forward" 
bulkhead installed in the LOX tank in such a manner that all 
of the partial load be conE~trained to the aft end of the LOX 
tank even when the booster is horizontal. A special heavy-
duty nose gear would pl'obably also have to be installed. 
These rnodifications appear to make horizontal takeoff 
marginally pos sible. 
h. Similar facility and operational requirements to those defined 
for the orbiter would be necessary for horizontal takeoff of 
the boo ster with the main propulsion sy stem. 
Vertical Takeoff 
The normal launch position of the booster on the launch pad is 
also a normal position for booster static firing. No modifications 
to the booster are anticipa.ted. 
Horizontal Takeoff 
a. Major Objections 
(1) Significant modification to the LOX tank is required; the 
tank rnay be very difficult to renlOve when the vehicle is 
being converted tb the mated launch configuration . 
(2) Maximum. performance capability is greatly limited because 
of the limited propellant load. 
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Significant Advantage s 
(1) Flight test program would continue at the same facility 
as the jet-engine-'propelled flight test for a longer period. 
The operational site, therefore, would not have to be 
activated as early as if rocket-powered flight is initiated 
by vertical launches. If the launch site has to be activated 
for orbiter-only launches, however, this argument is no 
longer valid. 
i 
Vertical Takeoff 
a. Major Objections 
(1) Modifications to the launch pad flame deflector would be 
. required to support static firing. However, this same 
modification provides the capability for tanking, cold 
flow, and static firing of operational vehicles, if this 
becomes a requirement for acceptance testing. 
b. Significant Advantages 
(1) Performance capability; the flight regime between jet 
engine flight and mated orbiter /booster launch can be 
completely bridged by a booster-only vertical launch 
progranl. 
Selected Booster Individual Flight Test Program. Based on the 
information presently available, the vertical launch mode of test flight will 
be consiqered as the baseline for the booster as well as for the orbiter. 
There appear to be no major disadvantages, and the significant differep.ce in 
performance capability ITlake the vertical launch mode far more attractive. 
As vehicle configuration, performance, and facility requirements are more 
adequately defined, this approach shou ld be reevaluated. Schedule constraints 
in the form. of facility need-date versus availability and vehicle manufacturing 
cOITlpletion dates should be considered when the final decision is being m.ade. 
Three static firings are planned prior to the first launch. The first 
will be an ignition-only test. The sub.sequent tests ,will be of extended 
duration. Prior to the first firing, the facility/vehicle interface and the 
vehicle cryogenic compatibility will be verified by conducting tanking and 
detaniking cold flow tests. The parameter s to be tested during the static 
firings include rocket-propulsion-systeni-clustered engine start, restart, 
sustained firing performance, engine ghnbaling excursion and irequency 
response rate, and engine throttling characteristic s. The predicted acoustical 
and vibration environment will also be verified. 
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Individual Rocket Powered Vehicle Launch Tests. The first launch will 
not exceed Mach 1 velocities. The prime objective will be to verify vertical 
launch techniques. The maximum altitude will be adequate to safely demon-
strate jet engine start arid flyback to the launch site. The next three launches 
will take the booster incrementally to the super sonic regime of approximately 
Mach 3 at 70, 000 to 80, 000 feet and dernonstrate aerodynamic stability of 
the vehicle at 60-degree reentry attitude' and transition to horizontal flight. 
The capability of the rocket engine attitude control system to establish and 
maintain control characteristic s during the transition from the rocket engine 
attitude control system to aerodynamic surface control will be demonstrated. 
The heat shield performance will also be evaluated. Vertical launches 5 
through 10 will be similar to the first vertical flight except that maximum 
reentry velocity will be increased with each flight until the nominal boost 
trajectory, reentry, and flyback have been demonstrated. 
A series of four mated orbiter /booster launches, accomplished with 
the orbiter No. 2 and booster No. 2 flight test vehicles, are proposed to 
complete the flight te st program. 
The premating checkout of the orbiter and bvoster will be essentially 
the same as the prelaunch checkout for the orbiter and booster individual 
launches. The main difference will be the verification of the mating 
interface. The proper mating of this interface will be verified after mating 
of the vehic Ie. 
After the transport and erection operations are complete, a countdown 
demonstration including propellant loading should be conducted to verify 
timing and launch procedures. 
Mated Launch Tests. The first launch is proposed to follow the 
nominal flight profile up to separation and nominal reentry and return of the 
booster. The orbiter will terminate in a suborbital flight. The ferry pack 
JP fuel tank filled with 50, 000 pounds '.)f fuel will be in the cargo conlpart-
mlfnt to ensure the capability of a subsonic return flight to the prime landing 
site. The remaining three mated launches will demonstrate the ability of the 
orbiter to achieve low earth orbit, change orbital altitude, rendezvous and 
dock with a space station (actual or simulated), transfer cargo and pas senger s, 
deorbit, and return to the prime landing site. 
Successful demonstration of these objectives will complete qualif~cation 
of the ILRV and establish initial operational capability (IOC). Those flight 
test vehicles used for mist:don demonstration may be refurbished and put into 
operational service. 
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9.2.4 Maintainability Dernonstration 
Vehicle support functions (e. g., servlclng, inspection, cornponent 
replacernent, troubleshooting) to be performed during the ground operations 
frorn postlanding through prelaunch will be dernonstrated during the RDT&!E 
phase. The program booster and orb iter vehicles and their related hardware 
will be thoroughly evaluated for their rnaintainability qualities from com:ponent 
fabrication through vehicle testing. 
Farrnal customer / contractor maintainability demonstrations will be 
held during the course of rnajor component (e. g., engines, computers, 
APU's) verification, subas sen~bly / subsystem buildup, and total vehicle 
ver·ification prior to development flight tests. The objective of the demon-
strations is for the contractor to demonstrate the achievernent of contractu.-
ally specified maintainability r.equirernents. Vehicle rnaintainability-design 
characteristics and features for the BV and OV, to be demonstrated, 
will include: 
1. Quantitative rnaintainability requirements, i. e., subsystem and 
cornponent rnaintenance tirne apportiomnents 
2. Qualitative rnaintainability requirements, i. e., physical hardware 
supportability featu~e s 
3. Maintenance concept and levels 
4. Facility requirernents 
5. Maintenanc~ and refurbishrnent operations, pl~ocedures, and 
functions' 
6. Personnel skills, quantitY:1 training, and other support sources 
requirements. 
7. Support equiprnent, hand tools I and safety equipment requirements 
(iJ;l.cluding interface with the vehicles' on-board checkout system 
(OeS). 
The overall ILRV program turnaround time design goal of 80 hours, as 
shown in Figure 9.2-7, is estimated to occur after three years of operation. 
This can only be accomplished through (i) effective vehicle maintainability 
design and (2) a flight test program geared to function with, as nearly as 
pos sible, the actual ground turnaround (T / A) and rnaintenance/ refurbishment 
(MIR) aJctivities to be used during the operations pha's18. Estirnates of 
developrnent phase T / A goals are shown for the individual OV and BV and the 
cornbined vehicle. It is fEdt that these T / A goals rnust be attained during the 
RDT&E phase to meet the SO-hour T /A required during the operations phase. 
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't Space Division ~ North American Rockwell 
Maintainability variations must be demonstrated for M /R activitie s on 
the vehicles in both the horizontal and vertical positions. The critical 
maintainability aspects will be those during the vertical laun.ch-pad 
configuration. Launch envelopes (e. g. , within two hours after launch 
notification) could establish a maintainability demonstration criteria of 
subsystem fault isolation/ correction within a one-hour time period. 
Maintainability demonstrations will be made on the BV, OV, and total 
(mated) BV/OV vehicle for each of the following two situations: (1) each SC 
alclfie in the hO!'izontal mode and (2) both vehicles mated in the vertical 
launch mode. 
Maintainability demonstration prior to the flight te st program will be 
performed on vehicle -scaled ITlockups and actual component verification, 
either at prime contractor or subcontractor locations. Full-scalemockups, 
(e. g.', fit/function-tupe) will allow verification/validation of vehicle M/R 
r~quirements well in advanCe of production operations. For exaITlple, the 
DC-lO has full-scale mockups on: (1) the n"lain landing gear to asseSs 
maintenance problems and validate M/R technical publications, (2) the 
fuselage to explore feasibility / effectivene ss of M/R as well as necessary 
changes/modifications, and (J) the GE fan engine to ensure that propulsion 
system/ engine M/R support is correct and effi~ient. Subcontractor 
maintainability demo nstrations will be required to ensure that correct M /R 
operations can be performed at the lowest level possible, thus assuring a 
total program support capability. 
Maintainability characteristic s and features for ILRV program 
vehicles are presented in the M /R section of the ILRV study final report. 
9. 2. 5 Operations Vehicle Acceptance Tests 
COITlpOnents and Subsystems 
All purchased components and subsystems will receive a functional 
demonstration acceptance test prior to installation in the flight vehicles. 
These tests y.vill~ot duplicate the qualification tests either in variety or 
severity of exposure. The tests will be comprehensive enough to ensure a 
, -
high confidence that the component or subsystem will function in accordance 
with the design requirements. Acceptance testing will be accomplished with 
nondestructive or nondegrading-typ~ tests • 
Ope rational Flight. V ehic Ie s 
The acceptance test requirements for the operational orbiter and 
booster follow the sarne sequence of tests as the No. 2 fl,ight test orbiter and 
bo'oster. The extent of testing will be signficantly reduced, however. 
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After manufacturing completion, a pre-first-flight integrated systems 
test will be performed. This will be followed by one flight test out of the final 
assembly site with the ferry pack installed. The vehicles will then proceed 
to ETR along the same ferry route established for the flight test vehicles. 
After arrival at ETR, the ferry packs will be removed and both the orbiter 
and the booster will undergo one static firing test on the launch pad prior to 
final acceptance. This need not be full duration, but should be of sufficient 
length to verify tanking procedure s, engine start sequencing, propellant 
measuring system, engine gimbaling, and engine shutdown operations. 
Successful completion of these tests and return to the flight preparation area 
will complete the required acceptance tests on the vehicles. 
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9. 3 ILRV MANUFACTURING PLAN 
~ Space Division ~ ~ North American Rockwell 
The manufacturing analysis was directed toward development of a pre-
liminary manufacturing plan for the booster and orbiter of the baseline 
shuttle vehicle configured to deliver a '50,000 lb payload. This vehicle is 
described in section 8. 0 of this report. Critical fabrication and inspection 
problems were identified. New techniques and major tooling/equipment 
necessary to produce the ILRV were defined h The vehicle in essence com-
bines the structural concepts and materials of aircraft, spacecraft and launch 
vehicles and. therefore, current production techniques are generally appli-
cable. The installation/machining of the propellant tank insulation and instal-
lation and handling of external densified quartz thermal protection and ceramic 
wing leading edge will however present unique manufacturing problems. 
Inspection of the installed thermal protection and 'structure will also benefit 
from new techniques currently being developed. 
The Ma,nufacturing Plan for the Integral Launch and Reentry Vehicle 
(ILRV) is c'o:mprised of six major elements which describe the organization, 
equipment, procedures.abd operations to be utilized hy NR for production of 
the ILRV. These elements of the manufacturing plan are 
Manufacturing Organization 
~LRV Production and Test Article Fabrication 
Procedures and Schedule 
Support Equipment Fabrication 
Production Control 
Manufacturing Engineering 
Technology A~vancement 
9. 3. 1 Manufacturing Organization 
9. 3. 1 
9. 3. 2 
9. 3.3 
9. 3.4 
9. 3. 5 
9. 3.6 
The ILR V Manufacturing operations will be under the direction of a 
Manufacturing and Facilities Manager responsible for the coordination of all 
aspects of Manufacturing, effort. The Manufacturing Manager will report to 
the ILRV Prograrn Manager for program direction and to the Vice President 
of Manufacturing/Facilities for functional guidance and support. Figure 9. 3-1 
represents the Manufacturing organization structure. It is assumed in this 
study that manufacture of the booster and orbiter will be at the same 
production site. 
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Manufacturing will be responsible for the fabrication of I,LR V orbiter 
and booster vehicles support equipment and also for developing and maintain-
ing master and detail schedules, control procedures, resource planning of 
manufacturing costs, and budgetary controls. 
9. 3. 2 ILRV Production and Test Article Fabrication 
The methods and schedules proposed for fabrication of the ,booster and 
o'rbiter production vehicles and test articles are illustrated in Figures 9.3-2 
through 9.3-7. A preliminary booster manufacturing flow logic plan, first 
ship schedule, and illustrated manufacturing breakdown are shown in 
Figures 9.3-2, 9.3-3, and 9.3-4, respectively. The first ship flow plan and 
manufacturing breakdown for" the orbiter are shownpin Figures 9. 3-5 and 
9. 3-6. A proposed manufacturing master schedule depicting a coordinated 
plan for the fabrication of mockups, te.st article s, and flight vehicle s is 
shown in Figure 9. 3 -7. Detail, subas sembly, and as sembly fabrication, sub-
system build-up, pressure test, final assembly, and checkout functions are 
depicted. 
Booster Fabrication 
The major structural assemblies which comprise the booster vehfcle 
are the LOZ and LHZ propulsion tanks, the fuselage section, wings, and 
horizontal and ve,rtical stabilizer s. (See Figure 9. 3-4. ) 
Propellant Tank Fabrication. The welded aluminum propellant tanks 
are similar to the Saturn S-II configuration, utilizing integrally stiffened 
cylindrical sections, spherical ends, and a common bulkhead of bonded honey-
comb sandwich construction. Polyurethane spray foam has been selected for 
insulating the inside of the LH2 tanks. The L02 and LH2propellant tanks are 
the primary structural elements of the booster vehicle and have a 3Z-foot 
constant-diameter section lOO-feet long, and a tapered section approximately 
50-feet long. The two sections are weld joined at the common bulkhead which 
separates the LHZ tank 'from the LOZ tank. The tank uses Saturn S-II tech-
nology, building up barrel sections from machined skins with integral stif-
feners, then welding the barrel section together in the vertical position to 
obtain the required length. The forward and aft bulkheads are made up by 
welding together the required number of explosively-formed gores, then 
welding the bulkheads to the tank while the separate forward and aft sections 
are still in the vertical position. The two tank sections are then aligned in 
a horizontal rotating positioner and the two sections weld joined together. 
The tank assembly is then pressure tested, and the inner insulation spray 
foamed and machined to thickness. The insulation will be protected from the 
fuel by a membrane bonded to the machined surface of the insulation. 
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't Space Division ~ North American Rockwell 
Fuselage Section Fa.brication. The fuselage structure consists pri-
marily of bonded honeycon"1.b sandwich panels, attached to th€/ tank structure 
using aluminum frames and stringers for stand-offs. TG 1BOOO has been 
proposed for insulation requirements between the propellant tank and sandwich 
structure. Densified quartz panels are bonded to the outer surface of the 
lower fuselage and partially up the sides for heat protection. 
During fabrication of the main fuselage tank assembly, the frame com-
ponents which establish the inner fuselage mold line are assembled. The 
comple!ed main tank is placed horizontally in the main fuselage as sembly jig 
and the preas sembled wing center section box, frames, intercostals, antI. 
stringer s attached to the external ribbing and attachment points on the tank 
shell. The TG 15000 insulation material is then installed, and the larger 
outer mold line fiberglass honeycomb panels fastened in place. Preformed 
panels of densified quartz are then bonded in place on the lower exterior 
sections of the fuselage while inst;~.llations are underway on the interior. The 
size of the densified quartz panels which provide a satisfactory installation 
for the vehicle have yet to be established. Depending upon the adhesive 
system chosen,' the heat shield material may require autoclave bonding to the 
panels before installation. Sealing of the external insulation will also be 
necessary and a satisfactory method has to be established. 
I 
The forward and aft fusela.ge sections are of conventional airframe con-
struction except for the use of honeycomb sandwich outer panels and heat-
shield materials. Both fuselage sections are fabricated in a similar sequence. 
Floor, side, and top panels are framed in separate panel jigs from conven~ 
tional preas sembled frames and stringers. Conduits, tubing, wire bundles 
bracketry, and such other it~'llls as may reasonably be installed at this stage 
are added at the panel level.: The floor panel is then installed in an assembly 
tool, and the top and side p<:l.nels joined to the floor panel to complete the 
structural assembly. Thes'e fuselage sections go through the same final 
phases of insulation installation, attachment of the mold line honeycomb 
panels} and bonding on of the extericr heatshield segments. Covers will be 
used to protect the insulation materials during handling. Techniques for 
inspecting the insulation are discussed later. 
Wing and Stabilizer Fabrication. The wing as semblies, and horizontal 
and vertical stabilizer s are conventional titanium structures consisting of 
either integral or stringer-stiffened skin panels, spars, ribs, etc. Each 
wing has ITlounting provisions for two turbojet engines and an engine nacelle 
on the upper surface. The wing center section box provides mounting points 
for the main landing gear, and also contains the tankage for the tu~boj et 
engine fuel. The strength requireITlents for this portion of the airfraITle will 
require usage of heavy machined ITleITlber s for the priITlary structure. Den-
sified quartz panels bonded to the lower wing, lower horizontal stabilizer 
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surfaces, and both sides of the vertical (L. E. to 50-percent) stabilizer are 
proposed for heat protection. Leading edges of these as semblies will be 
protected with a mechanically connected ceramic material. 
The wing assemblies will be fabricated conventionally in the vertical 
position from preassembled spars, ribs, and stiffened skins in multilevel 
assembly jig s. The vertical and horizontal stabilizer s will be as sembled in 
a like manner. The wing box assembly will be fabrfcated as a separate 
assembly as will the two engine nacelles. Production of the zirconium 
diboride wing leading edges in the shapes and sizes required is a production 
development item. 
Final Assembly. Final assemhly operations consist of mating the for-
ward fuselage assembly, main fuselage assembly, aft fuselage assembly, 
the wing s, and vertical and horizontal stabilizer s. The landing gear, main 
propulsion engines, turbojet engines, nacelles, flaps, elevators, rudder, 
and ailerons are also installed at this station. Mating of these la.rge com-
ponents is accomplished in a final assembly fixture locating fronl jack points 
so as not to damage the delicate insulation on the outer mold line surfaces. 
After each major section is jointed, closeout panels are installed working 
from the internal insulation installation outward to the head shield. Final 
systems installation and final operations follow before turnover to test and 
operations for systems and flight test. 
Orbiter Fabrication 
The major assemblies which comprise the orbiter vehicle are the 
forward LOZ and LHZ and aft LHZ propulsion tanks, the fuselage section, 
wings, and horizontal and vertical stabilizers. See Figure 9.3-6. 
• 
Propellant Tank Fabrication. . The al:uninum propellant tanks consist 
of integrally stiffened two cell cylinarical sectiotls and double bubble spherical 
ends welded together to form the cylindrical double bubble tank configuration. 
A common bulkhead is utilized between the LOZ and LHZ in the forward pro-
pulsion tank and is of bonded honeycorn.b sandwich construction. Polyurethane 
spray foam has been selected for insulation inside the LHZ tanks. 
The pacing item for fabrication of the orbiter vehicle is the common 
bulkhead in the forward intermediate body as sembly. The common bulkhead 
is an aluminum face sheet and fiberglass honeycomb assembly, similar to 
the Saturn S-II bulkhead except for the double hemisphere configuration . 
• 
Saturn S-II fabrication techniques can be utilized for this assembly. The tank 
body is made up of formed partial barrel sections ~lelded together in horizon-
tal weld fixtures to form. the tank halves. (See Figure 9.3-6.) The tank halves, 
vertical tension web, common bulkhead. and forward and aft bulkheads are 
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then joined in another horizontal weld fixture. The tanks are then pressure 
tested, the interior spray foam insulatio~ is applied and machined, and the 
fuel membrane is bonded in place. All installations inside the tanks are 
accomplished prior to mating with the fuselage sections. 
Fuselage Section Fabricati0E... Most of the fuselage section consists of 
conventional titanium skin stringer and frame construction. The frame webs 
will be either bead or sine wave stiffened. The thermal protection system 
for the orbiter is similar to that described for the booster. TG 15000 insula-
tion is proposed for use on the inside of the titanium structure, densified 
quartz panels for the lower surfaces of the fuselage, wings and horizontal 
stabilizers. The leading edges of the wings, and leading edges of the vertical 
and horizontal stabilizers will be protected with a ceramic material. Cover 
will be provided for protection of insulation during handling. 
The forward body, forward intermediate, main body and cargo compart-
ment, aft intermediate, and aft body sections are all fabricated as conventional 
skin stabilized frame and stringer assemblies, using machined frames for 
heavily loaded areas. The body sections will be broken down into panel. 
assemblies, with the frames and stringers assembled together as a unit, the 
skins spot-welded to the stringer s, and installation items such as tubing, 
conduits, and wire bundles added at this time. The floor panels will be placed 
into an as sembly tool, the propulsion tanks and theL.' mounting structure 
installed (in the case of the intermediate sections), and the side and top panels 
added to complete the structure. The crew compartment varies from this 
only in that the crew pressure compartment will be fabricated "and pressure 
tested separately, before being incorporated into the panelized crew cornpart-
ment assembly. 
Wings and Stabilizer Fabrication. The orbiter wing as semblies, and 
vertical and horizontal stabilizer s are conventional titanium structures similar 
to those described for the booster. The thermal protection system is also 
similar, using densified quartz on the lower surface of the wing, horizontal 
stabilizer and elevator, both sides of the vertical (L. E. to 50-percent) 
stabilizer, and ceramic materials on all leading edges. Orbiter wing and 
stabilizer as semblies will be fabricated as described for the booster vehicle. 
Final Assembly. Final assembly opera.tions consist of mating the for-
waJrd fuselage assembly, main fuselage assembly, aft fuselage assembly, 
wings, and vertical and horizontal stabilizer s. The landing gear, main pro-
pulsion engines, turbojet engines, and nacelles are also installed at this 
station. Final assembly operations for the orbiter are similar to those pre-
viously described for the booster. 
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Subsystem.s Installation 
Subsystems installations for both booster and orbiter vehicles will 
consist of incremental build-up, as .e.arly in the flow sequence as possible. 
Tubing and electrical installation will be performed progressively during 
structural build-up and assembly operations. Manufacturing testing will be 
conducted progressively to design checkout specifications (DCS's) utilizing 
existing, modified and new special test equipment (STE) factory servicing 
(FS), and factory checkout (FC) equipment to verify the electrical, mechan-
ical, and electro-mechanical subsystems and assemblies. 
Developm.ent and Test Articles 
The test article requirements consist of ILRV static test structural 
elements, static and dynamic test vehicles, and two sets of flight test 
vehicles. These requirements will be fabricated utilizing the ILRV production, 
tooling as applicable. The tooling will be scheduled to support the develop-
ment test articles. The order of delivery (complete vehicle, elements, 
structural vehicle, etc.) was ba.sed on coordination with the Development 
Plan. 
Most of the assemblies described for the orbiter and booster vehicles, 
and development and te st article s can be fabricated utilizing NR: technology 
developed from the Navaho, X-IS, B-70, Apollo, and Saturn S-II programs; 
however, substantial development work is required, especially in the 
thermal protection area. 
Schedule 
A manufacturing master schedule, Figure 9.3-7, was prepared to 
show a proposed coordinated plan for the fabrication of mockups, test 
articles, ann. flight vehicles. The schedule shows delivery dates for 
production vehicles out to 10 vehicles. .' 
9. 3. 3 Support Eq~ipment Fabrication 
Nondeliverable support equipment is required to support the fabrication 
and test of the orbiter and booster vehicles, and the ground support equip-
ment. The nondeliverable support equipm.ent consists of special tooling, 
special test equipment, and material handling and parts protection (MH and 
PP). The deliverable support equipment consists of ground support equip-
ment (GSE). 
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Nondeli verable Support Equipment 
Special Tooling. Special tooling requirements consist of template s, 
detail tools, tool masters, assembly tools, simulators and tubular joining 
tools. Master models (plaster masters) will b.e developed to control all' 
contoured vehicle surfaces, and hard type tool masters will be used to pro-
vide coordination for all interface requirem~nts. The weld assembly tools 
to support LOZ and LHZ tankage will necessitate the utilization of large hold-
ing fixtures to properly position the parts and subas semblies in relation to 
the trim and weld skate type tooling. 
Extensive tool .engineering effort to prepare tool concepts, tool lists, 
tool schedules, illustrations, and tooling bar charts will be required during 
the Phase Band C periods of the lLR V program. Tooling technology from 
the Na.vaho, X-IS, B-70, Apollo, and Saturn S-II is available to augment the 
lLRV tooling program. 
Special Test Equipment. Manufacturing will use NR tool and gage crib 
test equipment, existing STE as applicable, and additional test equipment 
which will be program.med by STE Engineering in Phase Band.C of the lLRV 
program. The STE design, as well as fabrication, is scheduled by m.odel 
number. Examples of special test equipment (STE) are factory servicing 
(FS), and factory checkout (FC) equipment used to verify electrical, mechan-
ical, and electromechanical as semblies, subsystems, and systernsc 
Material Han_dling (MH) and Parts Protection (PP). This equipment 
includes handling slings, dollies, work platforms, racks, and protection 
devices required to efficiently handle and protect the lLRV products through 
all phases of fabrication, assembly, and test operations. Handling of the 
lLRV is a major consideration to prevent damage to the thermal protection. 
Facilities and Industrial Engineering (F&IE) is responsible for deter-
mination of requirements and design of MH and PP equipment. Fabrication 
will be accomplished utilizing normal shop procedures. 
Deli~erable Support Equipme!l,t (GSE) 
Ground support equipment (GSE) is delivered as a contractual end 
iteIn (eEl) and is required to maintain the functional status of a system, 
end item, subsystem, or component. GSE to support the ILRV systems 
test and normal operations has only been defined generically to include 
checkout equipment, auxiliary equipment, servicing equipment, and handling 
equipment. Manufacturing fabrication and assembly of deliverable support 
equipment will be performed using normal NR operatin.g procedure s. 
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9.3.4 Production Control 
The methods of controlling manufacturing programming activities in 
accordance with the ILRV program objectives are described in this section 
of the plan. 
Policy and Procedures 
A number of existing mechanical and computerized systems developed 
from long experience in airframe and spacecraft production will be used to 
furnish management and the customer wit~ accurate c.ata and ILRV program 
visibility. One example of such a system is the mechanical material 
requisition (MMR) system which automatically issues raw stock and hard-
ware requisitions to the Material department for every detail part and 
assembly at the time of issuance of the individual manufacturing orders, 
several weeks prior to the scheduled in-work date. The production order 
location and reporting (POLAR) system uses inputs from various data input 
stations to a computer to furnish location and status of every manufacturing 
order issued on a given program. A computer inquiry system allows 
instantaneous printout of the status of any order by reference to the order 
control number (OCN) to supplement the weekly program computer printout 
issued to the programming group. The use of such system.s allows optimum 
control of fabricatio'n activities and departmental loads, and leads to rapid 
identification and correction of any production problems which may arise. 
Programming and Scheduling 
The proposed manufacturing master schedule shown in Figure 9.3-7, 
depicts a coordinated plan for the fabrication of mockups, test articles, and 
flight vehicles. This ILRV schedule is based upon. an analysis of engineering 
de sign infor mation and coordination with material, manufactur ing e ngineeri ng, 
facilitie s, and the various fabrication shops to allow establishment of the 
mandatory milestones for procurement, tooling, and facilities. 
An integral part of the development of the manufacturing master 
schedule is the, preparation of the booster vehicle and orbiter vehicle 
manufacturing first ship flow plans shown in Figures 9.3-3 and 9.3-5. 
These plans are developed from engineering drawings, assenlbly sequence 
drawings or manufacturing breakdowns, and historical data relating to the 
amountqf time reqUired to fabricate cer-tain type s of structural components. 
As an example, the first ship plan for the booster vehicle indicates that the 
pacing items for fabrication of this vehi.cle is the 'common bulkhead betwe?n 
the L02 and LH2 segments of the main fuel tank which forms the backbone 
of the booster •. The timespans shown are based upon five years experience 
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in building similar sized S-II tanks with an integral common bulkhead. 
Similar background experience was used in development of the other time-
spans shown, including extrapolation of XB-70A schedule information for 
the systems installation and checkout spans. Examination of' the orbiter 
vehicle fir stship flow plan indicates that the procurement of material and 
production of the first set of tank segments is the pacing factor for fabrica-
tion of the orbiter vehicle. It should be noted that little is known regarding 
the properties of the densified quartz thermal protection a:n:d the time required 
for installation of this material may be greater than projected. 
The manufacturing' m~.ster schedule shows a production rate of two 
orbiter and booster vehicles per year during Phase D. Studie.s conducted 
indicate that a rate of four vehicle s per year could be supported with minim.al 
additio'nal tooling. The increased rate would reduce the poriod required to 
attain initial operational capability (IOC) by approximately six months, but 
would result in an earlier pha\se out of the manufacturing program, with the 
attendant loss of modification or refurbishment capabilitie s. A pos s:ible 
alternate plan would produce the flight test vehicles and first two sets of 
operational vehicles at an accelerated rate of four orbiters and boosters per 
year, and then phase back to the two each per year rate. This plan would 
attain the earlier IOC while maintaining the manufacturing and modification 
capability over a longer period of time. 
T.he master schedule and the fir st ship flow plans will be further 
developer.'t during the Band C phases of programming tradeoff studies, which 
will be conducted as additional ILRV program data is generated. 
9. 3. 5 Manufacturing Engineering 
The Manufacturing Engineering organization performs functions 
representing manufacturing producibility, tool engineering, special test 
equipment (STE) engineering, manufacturing methods, manufacturing order 
planning, and shop contact. These functions provide technical support to 
manufacturing departments responsible for the fabrication, installation, and 
test of vehicle and GSE hardware. 
Manufacturing Producibility 
During Phase B studies and Phase C design development, Manufacturing. 
Engineeringpersonnel will serve as producibility consultants to ILRV Design 
'Engineering to provide analysis of designs from a fabrication and tooling 
feasibility viewpoint and to recommend the optimum practical approach on 
dimensioning, machining, forming, processing, and subsystems installa-
tions, and checkout verification to facilitate fabrication operations. 
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'Tool Engineering 
Preprogramming and tool design are the functions of tool engineering. 
Preprogramming. This function entails several. advance activities, 
performed by manufacturing engineers, in the development of manufacturing 
flow logic plans, manufacturing breakdowns, tool concepts, tool lists, tool-
ing bar charts, tooling schedules, and preliminary hours estimates of 
special tooling to support ILRV and GSE fabrication. 
Tool Design. The basic purpose of a tool design function is to assure 
the dimensional integrity of the deliverable hardware imposed by quality 
control requirements, and to support the selected fabrication methods with 
the proper tooling. Tool design which is part of manufacturing engineering, 
will design all tooling required to support ILRV and GSE fabrication. Tool-
ing will be primarily in support of structural fabrication and subsystems. 
STE Engineering 
STE Engineering performs subsystem analysis to establish test 
sequence logic, determines available sources of test equi.pment,. and pro-
vides manufacturing with test logic flow plans. Based upon the test logic 
flow plan drawings, and engineering requirements, the design checkout 
specifications (DeS) are determined. 
STE Design. Manufacturing engineering will design new, and modify 
existing STE design of factory servicing (FS) and factory checkout (Fe) 
special test equipment to verify ILRV electrical, mechanical, and electro-
mechanical assemblies and systems. 
Manufacturing Order Planning 
Production planning and tool planning are functions performed by 
m.anufacturing engineering planning personnel who interpret engineering 
orders an~ drawings and translate thern in.to individual production work 
orders. Production operation planning of assembly, and system installa-
tion is established with consid.erations given to schedule, lnanufacturing 
techniques and processes, system installation, and test requirements. 
The tool planning function is responsible for preparation, is suance, and 
maintenance of all tool orders in support of the ILRV program, Serialized 
tool identification numbers are assigned to all special tooling to facilitate 
location and inventory control of tools. 
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Shop Contact 
Manufacturing engineering per sonnel are involved in re solving pro-
duction in process, and fit and function problems normally associated with 
techniques and processes required to produce an acceptable part, sub- . 
assembly, or system assembly. 
9.3. 6 Technology Advanceme~ 
Three fabrication areas have emerged from the conceptual design 
studies that should be investigated in more depth during Phase B in order 
to provide a more substantial base for establishnlent of a precise ILRV 
manufacturing dev ~lopment prograln. These areas include the total thermal 
protection systerrl (TPS), the LOZ and LHZ propti.lsibn tanks, and the potential 
use of composites for the internal structure. 
Thermal Protection System (TPS) 
Most of the emphasis has been placed on TPS zones where densified 
quartz will generally be acceptable for heaLshield use. Additional studies 
- should be made in Phase B pe:rtinent to those surfaces requiring different 
materials for. elevated temperatures, such as the nose cone, leading edges 
of the wings, etc. Special emphasis should b~ placed upon the entire thermal 
protection system in Phase B to identify potential manufacturing problems 
and proposed solutions associated with the development, fabrication, and 
installation of an t~.Hicient thermal protf!~tion system capable of withstanding 
num.erous flights "'i.th minim.al refurbishment requirements. Figure 9. 3-8 
illustrates the type of construction assum.ed for the booster vehicle in this 
stud.y. 
Propulsion Tanks 
Concepts of various weld joint conHgurations should be inve stigated 
for producibility and application of more efficient tooling and welding tech-
niques. The LOZ an.d LHZ orbiter'vehicle cylindrical bubble type tanks with 
compound-contoured valley weld ;"C'equirementsas illustrated in manufacturing 
breakdown, Figure 9.3-6 and Figure 9 .. 3-9, is a prime example of potential 
tank fabrication complexities. Figure 9.3-10 presents a non-destructive 
testing technique that could be used in resistance welding to control the 
quality of that weld. 
The tank insulation requirements are also considered to be a potential 
problenl area, especially the Pll."oposed use of internal spray foam within the 
tanks. A manufacturing development program should be undertaken during 
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the phase Band C period to insure manufacturing compliance and capabilities 
to prepare the processes and techniques required to support the ILRV pro-
pulsion tank requirements. 
Composites Usage 
Approximately two years ago the Space Division started a concentrated 
study and de-yelopment program to replace primary space vehicle structural 
materials with advanced fiber-reinforced composite materials which offer 
potential for reducing vehicle weight. Efforts have been made to develop 
and design structures with boron-aluminum, boron-epoxy, and graphite-
epoxy materials. Studies should be made on ILRV structures during the 
next phase for the potential use of composites as lightweight, high strength 
structural components'. Further manufacturing development work should be 
started in this area as soon as possible . 
Inspection 
Some new approaches to inspection might well follow the examples 
shown in Figures 9.3-11 through 9.3-21. Many of these devices could be, 
as noted on the figures, left in place in the vehicle and used to monitor 
thoEie items in operations. 
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9.4 FACILITIES PLAN 
The development of a facilities plan included the examination and 
analysis of major industrial and government facilities that would satisfy 
requirements of design, fabrication, assembly, testing, launch, and main-
tenance of the ILRV. 
The investigation utilized the vehicle design definition summarized in 
section 8.0 of this volume and the results of the manufacturing, test, and 
operations studies. 
The approach adapted was to identify the safest, m.ost practical and 
most cost effective methods to provide facilities for the ILR V. Emphasis 
was placed upon the baseline vehicle configured with a cargo bay (diameter 
of) 15 feet by 60 feet (long). to deliver 50, 000 pounds payload to the nominal 
orbit. 
9.4. 1 Vehicle System Design Manufacturing Facility 
The vehicle systern is defined as the orbiter, booster, ferry equipment, 
and ground support equipment. These items of the system will be discussed 
in reference to the facilities required for design fabrication and assembly. 
A peak manpower level of 5000 to 6000 is projected for engineering 
and test of the, shuttle vehicle. In the study itwas asswned that these 
per sonnel would be accommodated in North American Rockwell engineering, 
facilities in southern California and in test facilities which are described 
in this section. 
The primary objectives of the booster and orbiter vehicles 
manufacturing facility plans are maximum use of existing national resources 
and minimum use of specialized facilities (environment controlled areas 
such as clean rOOIns, etc.). 
Prograln requirements in.dicate that maximum use of existing 
reSOUl'ces can be attained by performing subsystem work in a nwnber of 
facilities, if possible in the vicinity of the final assembly site. This will 
result in performing minimal assembly efforts at the final assembly and 
checkout facility for either the orbiter or booster vehicles. 
. ~ Orbiter Vehicle Facility 
" 
"j The Manufacturing Plan defined in section. 9. 3 of this ,report indicates 
I 
that the vehicle fabrication process from details to subassemblies are in 
sizes that can be fabricated in existing facilities. The basic problem lies 
9-105 
SD 69-573-5 
• 
----I" , -----
I 
.1': 
".' 
'. 
-~' 
J 
~ Space Division ~ ~ North American Rockwell 
in the facility for final assembly due to the size of the vehicle. Figur.e 9~ 4-1 
illustrates the size of a facility required for final assembly of the orbiter 
vehicle. The internal dimensions required are based on build up of the 
subassemblies to the final assenl.bly in two bays. These bays are each 
250 feet long I 220 feet wide, and 60 feet vertical clearance and ar.e equipped 
with a 50-tOll bridge crane that has a hook height of 50 feet. After the fuse-
lage/ wing center section, and horizontal stabilizers are assembled, the next 
station provides for installation of the last assemblies - outer wingpanels, 
vertical stabilizer, rudder, elevators, engines, landing gear, etc. This 
final installation station and the final operations (checkout) station require 
facility internal dimensions that each have a floor plan the same as the 
previous bays (250 feet long by 22.0 feet wide); however, the vertical clearance 
must now be 85 feet. These bays should have a bridge crane capability of 
120 tons and a hook height of 75 feet. 'The 220-foot width dimension provides 
for the wingspan of the vehicle plus a tooling and pedestrian aisle on each 
side of the vehicle. The maximum vertical clearance dimension is required 
to provide for the vehicle on a tooling carriage or i~s own landing gear with 
vertical stabilizer and rudder installed. 
Booster Vehicle Facility 
Major .assemblies (forward and aft fuselage sections, wing sections, 
etc. ) buildup will utilize existing resource capabilities and be moved to the 
final assembly and checkout facility. The integral fuel tank will be fabri-
cated and vertically assembled at an existing facility in two sections: 
(1) the forward fuel tank, including the common bulkhead, and (2) the aft 
fuel tank. Th[se assemblies also will be moved to the final assembly and 
checkout facility. At this site, welding of the two tank sections, pressure 
tests, and polyurethane insulation installation will be accomplished. This 
will be followed by the main fuselage section buildup, center wing box 
section installation, mating the subassemblies to the main fuselage, and 
final systems installation. The vertical stabilizer will be installed at the 
latest manufacturing sequence schedUle date possible to minimize facility 
high-bay section req1;tirements and reduce prograITlcosts. This approach 
to the boo ster manufacture, final as sembI y, and checkout cycle will provide 
an optimum facility plan that will meet the primary objectives. Preliminary 
indications-are that a,dequate existing facilities are available to do all major 
subassembly efforts. However, the final assembly a.nd checkout facility 
requirement: is of such a magnitude that further analysis must be made of 
the current national resource base to determine if any facilities are avail-
able. Figure 9.4-2 is representative of the facility (final assembly) required 
for the booster. 
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Manufacturing Facilities Options 
A preliminary inventory of potential manufacturing final assembly 
facilities was defined in an attempt to identify the facilities cost. An 
exh.austive search and study of facilities, their relationships to engineering, 
subcontractors, etc, plus the transportation and comITlunication require-
ments between facilities will be required :in future studie's. The facility 
data required ITlust include other program 'Usage and schedule data in 
addition to size and capability. Table 9.4-1 isa facility survey surnmary. 
For the purpose of cost analysis in this study, it was assumed that 
a new final a ssembly facility, located at Palmdale, California, would be 
provided. It 'was further concluded tha.t both the orbiter and booster would 
be built by a single contractor so that somf~ cost saving could result fron1. 
the common elements of management and the other indirect functions 
required for support. 
9.4.2 Facilities For Vehicle Development 
Facilities for the development of the components of subassemblies 
(e. g. raQ;os, turbojet engines, etc,), or complete subassemblies (e. g. 
guidance and navigation, etc.), have been considered to be available to 
th~ particular subcontractor. The exceptions to this are the propulsion 
(rocket) subsystem and the structure subsystem. It is planned that a 
rocket 'engine test stand at Edwards Air Force Base, or at the ~ssissippi 
Test Facility,' or MSFC (Huntsville) be used after modification for the 
"clustered engines" firing. 
A dynamic test of the mated vehicles in the vertical position is also 
planned. This development test is the last of the structural tests and 
several facility possibilities.~xist: 
, 1. Provide a special facility at or near the final ass embly area, 
2. Disassemble, and ship to: 
a. KSC; reassemble (without the wings and horizontal surfaces), 
and erect in the V AB. 
b. MSFC; reassemble, erect, and test (like manner as the 
Saturn V and Apollo). 
3. Fly the numoDer one flight test vehicles to KSC, remove wings 
and horizontal surfaces, and erect in the VAB. 
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Table 9.4-1. racility Survey Summary 
nay Dimensions Crane Doors 
Candidate Site Width Length Chord Type Hook Capacity Height Width Transport 
Palmdale Site I 
Bldg 294 200 200 50 -
- -
50 200 RA 
Bldg 295 160 360 40 
- - -
40 160 RA 
Downey 
Bldg OOI/North Bay 200 500 35 I3R 32 2 35 105 R 
South Bay 195 400 35 BR 32 2 35 135 R 
Bldg 290/West Bay 60 410 63 ER 55 15 60 28 R 
East Bay 50 410 43 ER 35 10 
- - R 
Seal Beach 
S-02 (Bulkhead Fabrication) 100 360 (50) 13R 41 5/10 50 45 RW 
S-14 (Warehouse) 100 300 53.5 BR 44 20/5 45 52 RW 
S-18 (Subassembly) 52 300 51 BR 44 10 50 50 RW 
S-03 (Vertical assembly) 42 50 100+ BR 100+ ' 5/70 80+ 45 RW 
Bldg. 86 (Warehouse)(4Bays) 80 400 30 BR 25 5 
-
30 RW 
KSC 
Vertical assembly bldg 152 160 500+ BR 500 250 114 152 WA 
Operation and control 86 220 100 BR 85 25 
- -
WA 
86 ·1,30 ( 65) BR 50 25 ( 60) ( 100) WA 
Michoud 
Assembly 250 400 40 BR 32 5/15 
-
45 RW 
62 600 40 BR 32 5/15 
-
45 RW 
Edwards AFB 
C-SA hangar 270 300 85 
- - - - -
RA 
Bldg 1207/1210 250 275 40 
- - - - -
RA 
M&MHangar 300 600 70 
- - - - -
RA 
Tulsa, Oklahoma 
AF Plant 200 4000 
-
BR 32 15 24/40 94/195 RAW 
Flight Han.gar 200 800 40 (Mono) 38 5 40 195 RAW 
Convair, San Diego 
, 
Bldg 2 ( 160) (1000) (40/55) 
- - - - -
RAW 
Santa Ana. EI Toro Blimp Base 200 1500 Vert 
- - - - -
RA 
clear 
at cen-
ter 
185J 
CODING: TRANSPORT 
Bay - Clear area unobstructed by columns R - Road 
Crane type - Mono-Monorail, BR-Bridge A - Air 
Crane capacity - Rated in tons W - Water 
Crane hook - Distance between upper limit and flool" level 
( ) - Estimat cd information ::'Requires facility addition or modification 
-- --- ---~---.- --_ .. 
Potential Uses 
Orbiter Booster 
SA SA 
SA, FA';', FT SA';: 
SA 
SA, FA';: 
SA 
SA 
T, SA T, SA 
SA, FA·:' SA 
T, SA, FA';' T, SA 
T, SA T':', SA 
I SA j 
FA::', FT, RT FT, RT, FA':' 
SA, FA':', RT SA, RT 
SA SA 
SA, FA';' SA, FA::' 
SA, FA::' SA, FA::: 
SA, FA, FT SA, FA';', FT 
SA, FA:", FT SA 
SA, FA, FT SA, FA:;:, FT 
SA, FA':' SA, FA::' 
SA, FA::' SA, FA::' 
SA, FA':' SA, FA::' 
FA::' FA::' 
POT ENTIAL USES 
T - Tank fabrication 
SA - Major subc.ssembly 
F.-\ - Final assembly 
FT - Flight test 
R T - Rocket rnotor test 
-----
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ObviouslYt each of these approaches has problems: 
1. Cost of a new facility. 
2. Transportation (how and cost) and simulation of the removed 
elements. 
3. Timing in the program~ and vehicles may not be entirely 
representative of the operational flight vehicles 
This problem must be solved in future studies. 
9.4:. 3 Operational Facilities 
This section of the report will deal with those facilities required by 
NASA for the operational usage of the ILRV. Generally, these facilities 
are requi.red for landing, handling, maintenance, mating, cargo loading, 
erecting; and launching. Figure 9.4-3 shows the functions that the system 
(vehicles, facilities, materials, and la.bor) must provide in order to fulfill . 
the mission goals. 
Ground ru1es established by NASA that affect·the design of operational 
facilities are listed below: 
1. The launch site, primary landing site, and the refurbishment 
facility should be at the same general location. 
2. The launch site shall be at the ETR . 
3. Maximum utilization of existing LC39 assembly and launch 
facilities is desirable. 
4. Launch rate shall be from 30 to 50 per year. 
5. ILRV stages should be capable of landing at a standard field 
having a runway of 10,000 feet in length (maximum). 
6. A turnaround time of 14 days is a desirable goal after a nominal 
mission. 
7. In conjunction with the desired safe mission capabilities, the 
following specific capabilities should be provided: (a) holddown 
facilities, (b) rapid egress facilities, (c) safe engine shutdown, 
(d) propellant dumping, and (e) vehicle safing. 
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8. Reusable boost stages may be manned. 
9. All ILR V system vehicles should be capable of self-ferry flights. 
10. Upon landing, the vehicles shall be easily converted into a safe 
condition. 
11. Preflight checkout systems shall be on~board the vehicles 
(autonomous). 
12. Cargo rnodule shall be 15 feet in diameter by 60 feet in length 
and carry payload of 50,000 pounds, 
13. Cargo elements containing hazardous material should have 
self-contained prote.ctive devices or provisions. 
14. SYf~tem sensitivity to fluid consumables loading should be 
minimized. 
15. System sensitivity to weather conditions during assembly, 
checkout and launch should be minim.ized. 
The proper choice of operational facilities cannot be based on a 
selection of individually suboptimized facilitie s. For example, the 
locations of the individually required facilities must be relatively located, 
and the function of each facility IT1USt take into account the function of the 
preceding and following facility. Some of the facilities options investigated 
are illusti:"ated in Figure 9. 4 -4. The basic functions are e s sentiall y the 
same in each candidate, but the order of the functions is changed and/ or the 
technique of perforn:ling the function. Note that concepts A and Bare ilhlS-
trated in Figure 9.4-4 to agree with the functional £low diagram in Fig-
ure 9. 1-5 in section 9. 1 of this report. DUe to this system engineering 
approach, the potential facilities for the functions will be examined in order 
and then the recommendations and conclusions! section 9.4.5, will state 
the choice of operational facilities. Since the first operation that leads to 
the operational usage is the receipt of the vehicles at the ETR, the landing 
facility will be disc;ussed first. 
Landing Facility Requ"irements . 
The landing facility will be defined as the ground area provided to 
accommoda;te ILRV landings, temporary parking, and takeoffs. The require-
ments for horizontal landings and takeoffs are discussed in the development 
test facilities section and the maintenance refurbishment facilities of this 
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report, but stem generally from the horizontal flights of the orbiter and 
booster vehicle for: (1) development testing, (2) ferry flight from the 
point of final assembly to the ETR, (3) ferry flight from an. alternate 
landing area (orbiter vehicle recovery from orbital mission) to -the ETR, 
(4) ferry flight from the ETR to point of performing possible modification 
(probably the l'J.anufactu:r.er's final assembly area)', and perhaps (5) c',;,ew 
training. In any case, the study ground rules specify a maximum. of a 
10, OOO-foot runway and the requirements for takeoff of either vehicle must 
be included in the landing site reqmrements(Table 9.4-2). 
The load bearing requirement of the major run.way was determ.ined by 
assurn.ing approximately 30,000 pounds per tire. 
The operational landing weight of the booster will be approxilTlately 
476,400 pounds and for the orbiter, 257,000 pounds. The landing speeds 
are 113 knots for the booster and 128 knots for the orbiter. The runway 
required (based on standard day, flaps down, and over a 50-foot obstacle) 
is 5800 feet for the orbiter. 
Table 9.4-3 provides the pros and cons of potential (old and new) 
landing facilities. While all three sites are candidate, and the choice is 
not clear cut based on this chart, there are other considerations. 
For example, the assumption was made that the VAB of Launch Complex 39 
(where there is a barge dock) was the location of maintenance in r.eference 
to the use of KSC Skidstrip and Patrick Air Force Base; it will be shown 
later that this may not be the most desired location. Another point for 
consideration is the delivery and handling of the 2 -1 /2 million pounds of 
cargo and up to 500 passengers per year based on the 50 flights per year. 
G.round Handling Requir ements 
The mechanics and stress considerations regarding the baseline 
inte:grallaunch and reentry vehicles (ILRV) and orbiter and booster vehicles 
dictate and govern the lTlethod and manner of handling, transporting and 
controlling each of the vehicles individually and in their asselTlbled or 
mated configuration. 
Orbiter Vehicle. The orbiter is conceptually designed to be struc-
turally capable of supporting the loads of horizontal lifting during the normal 
handling of the vehicle and during its mating with the boost vehicle in a hori-
zontal position. A specially designed sling fixture will be required to suffi-
ciently support this function. The orbiter and booster will require the 
physical support of a strongback fixture during the mated erecting p:rocedure. 
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Table 9.4- 2. Landing Site Require'ments 
A. Runways-
Length -
Width -
NUlnber -
Strength -
Shoulders -
Overrun -
Underrun -
Blast pad 
B. Taxiways-
1~lidth -
Strength -
Aprons 
C. P ropeUant and Gas 
Requirements 
JP-4 
Liquid oxygen 
Liquid nitro gen 
N2 
D. Landing and Takeoff 
Instrumentation 
Instrument 
Landing Sys. 
Automatic 
landing system -
Radar beacon -
Radio beacon -
TACAN -
Visual beacon 
i 
Equivalent of Air Force light-load pavement 
10, 000 -foot single major runway 
300 feet 
1 
As required to minimize cross -wind (normal component 
less than 20 knots) 
Pavement to carry load of 30,000 pounds per tire 
Tire pressure 170 psi (boost vehicle) 
200 feet either side of runway 
All weather stabilized compacted soils 
1000 feet beyon.d end of runway, stabilized material for 
light loading 
Dependent upon horizontal flight test requirements - TED 
TBD 
Dependent upon field layout 
To accommodate 36-foot track 
Same as major runway 
Dependent on field layout, same strength requirement as 
major runway 
Storage capt..l.city - TBD, 
Pumping Y!;, ~e - 600 GPM 
TBD 
TBD 
TBD 
Glide slope transmitter, localizer transmitter, middle- and 
outer marker s 
Ground control approach (GCA) precision radar, search 
radar and radar approach control center, and uplink comm2,nd 
(VOR and DME) 
TBD 
TBD 
Required 
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Present Facilities 
1. One 10,500-foot 
runway 
~ No ILS "'. 
1. 10, ODD-foot run-
ways 
2. ILS available 
None - Requires 
construction of 
10, ODD-foot runways, 
control tower, fire 
station, etc. 
'-r'" 
.. 
Table 9.4-3. Potential Landing Sites - ETR 
Requirements 
Access to Hangar 
Pad Area>:: Advantages 
1. Widen approximately 1. Existing runway is 
1 mile to Banana River. fairly close to 
propo s ed launch 
Transport via barge area. 
approximately 12 miles 2. Services for airfield 
to VAB area. are available. 2. Or provide approx. 
12 miles of wide access 
road to V AB area. 
1. Transport via barge 1. Existing facilities 
approximately 25 miles probably adequate. 
2. Indian River - requires 2. Lowest initial air-
modification of two Cocoa fieJ,d co st. 
bridges (they are pre s-
ently 80 to 90 feet wide) 
NASA causeway. 
1. Direct acce6S - runway 1. Runways and 
to hangar/or assembly facilities can be 
area. designed for 
op~imum use. 
2. No interference 
problem. 
3. Lowest turnaround 
time - landing to 
hangar. 
4. Close to hangar. 
5. Lowest transporta-
tion costs. 
-
Disadvantages 
1. Located in congested 
area and on Air Force 
property. 
2. Requires installation of 
ILS and/or automa.tic 
landing system. 
3. NASA causeway (east) 
requires widening. 
4. 13 miles to LC 39 via 
barge. 
5. 15 miles to LC 39 via 
road. 
1. 25 miles to LC 39 via 
barge. 
2. 28 miles to LC 39 via 
road. 
3. Clearance problems due 
to Air Force prioritie s. 
4. Highest transportation 
costs. 
1. Highest initial costs. 
2. Requires longest time 
for ilnplelnentation. 
I 
-------- -------
I 
~ 
• zenO~ 
;::+m 
:J(") 
l>CI 
3 0 (t) _ 
::l. < 
@ i. 
;:) 0 
::D:;, 
i 
_·~iilli'·ln"lf.-I1inl.-.I-f-i8i.-Pl:" E"i!IilI!iiillililliill : I iifiijjj6~iiliii!lil~~, ......... ~!I'iiI~·~··"'";,~;;,, ... "."!!t>:"~~~0i;;;-~;"~~·-:~:;:,;;-;;c·-:;::?:--.-::·~:__:_·-· .. -----'_:_-·_:_:::_:x--,..,·' 
f: 
J ~ 
~ ~ 
h 
I; 
l 
I· i 
~ , 
Ii , " f' 
·,,1 
I 
.. :·1 
! 
.. :. ~ 
':.'{ 
" .,1 
. " ;~.~ 
, , " 
"'.\ 
" 
" ,I 
, , 
, , 
, 
, 
; '~ 
, 1 
'. ", ~ 
,',I 
~,' ,.( 
" 
.! 
i 
1 
',I 
T Space Division ~ ~ North American Rockwell 
The sling fixture (Figure 9.4-5) could utilize attach trunnion fo r 
vehicle support at the vehicle forward fram.e ring (vehicle station 1050) 
and providing for dual pickup forward and aft with a pair of lines utilizing 
attach trunions that are on opposite sides of the fuselage (frame ring 
station 2280). The sling will p:r.ovide a separating cornpression member 
for forward and aft lines to accomm.odate axial com.pression loading. 
Lifting the orbiter from a horizontal position to a vertical position 
via cable slings has been considered with L1.e conclusion that the structual 
capability of the orbiter to support the necessary vertical loadings at the' 
local lift points may requi.re considerable redeRign and penalty in vehicle 
structure weight for accommodation of load distribution. The technique 
described for the booster, as in Figur.e 9.4-7. is essentially the same for 
the orbiter. 
Booster Vehicle. The booster vehible is conceptually designed as 
structurally capable of supporting the loads of horizontal lifting during the 
nor'mal handling activities required. The vehicle may be lifted in a hori-
zontal mode utilizing a sling fixtqre (sho~;vn in Figure 9.4-6) supporting the 
vehicle with dual point sus pens ion forward and aft. The sling fixture will 
provide a pair of pendant lines forward and· two aft lines to be attached to 
main wing spars lifting fixtures (2). A compression ·me·.mber will be 
required to support the axial compression loading, The boosbi~r vehicle 
will not require the physical support of a strongback fixture du.ring this 
horizontal lifting 'maneuver. 
Analysis indicates that lifting the booster vehicle fro~ a horizontal 
position to a vertical position may also be accomplished by a cable sling 
without a supporting strongback £ixture (see Figure 9.4-7). Lifting of the 
booster vehicle into a vertical position necessitates an initial lifting in the 
horizontal mode and then transferring the vehicle load to a second sling 
fixture cable thus addi.ng a degree of complexity to the procedure. The fixture 
for this operation is similar to that used for lifting the booster horizontally. 
However, the fixture also attaches to the aft separation fitting and has 'a 
trunnion for the sling that eventually supports the booster in the vertical 
position. 
Orbiter and Launcher Mating and Erecting Requirem.ents 
Predicated upon the. inherent structural capabilities related to each 
of the vehicles, the desire to be in an enclosed a.rea to avoid wind and 
weather problems, and the method and timing of loading carg'o, it was 
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concluded.. that the lifting, positioning, and physical mating of these vehicles 
are required to be accomplished in the horizontal mode ill a building. With 
the above mentioned horizontal lift slings, the vehicles can be picked up 
(booster first) and placed in position on the transporter and erector and the 
orbiter placed on the booster. 
The concept of cable sling erecting first the booster and setting it on 
the launch support and holddown hardware, and subsequently lifting and 
erecting the orbiter, followed by rnating in the vertical position creates 
more problem.s than it solves. First, this concept literally raises the 
roof on a building that could house the function, which increases the cost 
of the facility; secondly, if done outside a building the wind and weather 
create unsafe conditions; and third, it im.plies either a difficult technique 
for 10 ading the cargo after the vehicle is vertical, or loading the cargo while 
the orbiter is still horizontal (and before the orbiter and booster interface 
is checked out). There is also a desire to keep the launch pad relatively 
clean (tower s, buildings, etc.). 
While it is admitted that a hydraulic rotating erection device is perhaps 
more expensive, it is felt that the cost difference is in the noise level and 
that it is by far safer. It should be recognized at this point that the major 
driving item for the facilities is the selection of the relationship of the 
mating, loading cargo, and erecting functions. 
In the analysis of ILR V operations ~ the major decision which needs 
to be m.ade is the method and location of erecting the vehicles. To place 
the mated vehicle into launch position, it can be erected as a unit from the 
horizontal to the vertical position, or the vehicles can be erected separately -
first the booster, then the orbiter lifted and mated to the booster. A further 
consideration is the location where thes e operations take place, either off-
pad or on ... pad. Tables 9.4-4 and 9.4-5 summarize the various combina-
tions of these toperations and present some of the important aspects of each 
concept. One of the largest problems is the 230-foot wing span of the 
booster. 
One of the first objectives of the study was to examine existing 
operational concepts and facilities for application to this vehicle. A series 
of layouts we;re made to determine if (I) the KSC VAB would be adequate, 
and (2) the present method of erecting hardware and transportation to the 
launch pad could be used. The use of the VAB was ruled out for two major 
reasons. First, the VAB will not accommodate the ILRV due to the large 
w;'ng span. Figure 9.4- 8 shows the relative size of the VAB entrances, 
transfer aisle, high bays, and high bay doors with the baseline ILRVsuper-
imposed. Modification of the VAB to accomm.odate the ILRV is prohibitive, 
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Table 9.4 -4. ILRV Mating Concepts 
-.0 
I 
....... 
N 
0" 
Concept 
Off pad 
vertical 
Off pad 
horiz. 
On pad 
vertical 
On pad 
horiz. 
Major RequirC'nlC'nts 
1. VC'rtical assembly facility 
similar to existing VAB. 
2. Environnlental control, 
(wind) required. 
3. Each vehicle liftE':l 
separately and rotated to 
vertical position. 
1. Requires large hangar / 
assembly area with crane 
or ramp for orbiter 
assembly on boC):;ter. 
2. Orbiter lifted horizontally 
and placed in position atop 
booster. 
1. Requires very high assem-
bly structure on pad - hook 
height minimum of 325 feet, 
2. Each vehicle lifted 
separately and rotated to 
vertical position. 
1. Requires crane for lifting 
orbiter above boo$t 
vehicle. 
-.... "--.,., .. ---~-,~ ... -~-------.<-'" 
SpC'cial Transportation 
RC'quirernents 
l. Vertical transporter 
combined dry weight of 
654,300 pounds plus 
cargo. 
1. Horizontal transporter 
for ulated vehicles. 
2. Requires wide roadway. 
3. Can be transported 
horizontally or vertically 
to launch pad. 
Non€; - Vehicles can be towed 
to pad. 
None - Vehicles can be towed 
to pad. 
Advantages Disadvantages 
1. Reduces on-pad time. 11. Imposes stress on BV and OV, 2. Umbilicals, and attach resulting in weight penalty. 
points can be connected 2. Slowest moving transport. 
early. 3. All mated ground operations. 
In vertical position. 
4. Major new design or major 
redesign for transport. 
S. Longer exposure to wind and 
environment. 
1. Reduces on-pad time. 1. Requires 'wide clearance road to 
2. Transporter could be launch area. 
major support for 
1
2
. 
Additional loads to be considered 
erector or launch during booster design. 
umbilical tower. 3. Requires separate mating and 
3. Assembly could be in erecting operations. 
same facility as 
maintenance. I 
1. Vehicles can be towed 1. Impos es stres s on B V and OY, 
to pad, therefore, resulting in weight penalty. 
faster transportation 2. More hazardous operation for 
times. orbiter. 
3. Mating operations in vertical 
position at high elevations. 
4. Maximum exoosure to eleUlents 
during critical operations. 
1. Boost vehicle may be 1. Remote location from checkout 
positioned rather than hangar. 
lifted. 2. Requires more coulplex structure 
2. Horizontal mating at pad. 
preferred over vertical 3. Requires more personnel and 
mating. equipment at pad. 
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COJlcept 
A. Strong-
back 
erector 
hydraulic 
B. Strong-
back 
erector 
crane 
hoist 
C. Crane 
hoist 
(VAB) 
. 
D. Crane 
hoist 
on-pad 
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Table 9.4-5. ILRV Erecting Concepts 
----
Major Requirements Advantages 
1. Hydraulic cylinder - 1. Provides positive support 
__ piston type erector. of boost vehicle during 
2. Vehicles are in erection. 
mated position. 2. Transporter could be 
integral part of erector. 
3. Flush launch position. 
4. Relatively fast operation. 
5. CG not a cons traint. 
1. Strong back support 1. Same as above. 
plus large capacity 
crane hoist. 
2. Vehicles are in 
mated position. 
1. Vertical assembly 1. Vehicles can be erected 
Iacility. in protected environment. 
2. Vertical transporter 2. Less hazardous. 
3. Booster erected first, _ 3. Shop support offices, etc. 
then orbiter. I are nearby. 
4. Some existing equipment 
can be used. 
1. Large gantry and 1. No major advantages 
service structure 
requireci· 
-, 
I~.·· • Crane capacity of 
tons required. 
Disadvantages 
1. Relatively massive instal-
lation 
2. Support length of approxi-
mately 300 feet represents 
major technical problems. 
3. Rotate a load that is 
upward from 
638,000 pounds. 
1. High capacity crane hoist 
must lift vehicles plus 
strong back. 
2. Requires larger on-pad 
structure. 
, 
1. For enclosed erecting, 
large building required. 
Present VAB bays too 
small . 
2. Requires more overall 
time IOJ:" operations. 
3. Weight penalty::: I 000 pOWlds 
BV, 500 pounds OVa 
1. Maximur.o exposure to wind 
and salt spray during 
critical hoisting and mating 
operations. 
2. High crane height -
minimum of 3Z 5 feet. 
3. No practical way to hoist 
mated vehicles. 
4. Same weight penalties. 
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as the modification cost would probably be nearly equal to the original cost 
of the VAB. The s.econd m.ajor factor is the actual procedure of lifting and 
mating the vehicles. 'The principal factor here, of course, is the fact that 
lifting the orbiter to a vertical position would impose a weight penalty in 
the vehicle which cannot be tolerated. Even if the orbiter could be stressed 
to take these loads, the furlctions of vehicle hookup, checkout, flight:: eadi-
ness, etc., would have to be accomplished with the vehicles in the vertical 
position. Access and maneuverability of the ground crew at the heights 
required are hazardous and lnore time consuming than if performed at more 
normal horizontal levels. 
Another concept investigated during the study was the possibility of 
reducing the boostf'"r wing span either by detachable tips or by folding the 
wings similar to the method used on so:me Navy carrier-based aircraft. 
While this concept appears att:racti~e,. there are a nurnber of factors which 
appear to be prohibitive, principally: (1) the weight penalty of additional 
hardware (i. e. , fl ex line , connectol"S, hinges, etc.), (2) the time required 
for additional operations on the pad, and (3) the decrease in reliability and 
safety due to additional components. The thermal aspects, such as the 
effect of a break in the heat shield, and the effect of reentry heat on the 
inner wing were not investigated. The detachable or folding wing concept 
was ground-ruled out; therefore, a method needed to be devised to handle 
the vehicle with full wing span. 
The llet result' of the analysis of vehicle erection is that (a) the 
erection must be made with a mated configuration, and (b) the mating 
operations must be made with the vehicles in a horizontal position. A 
further analysis of the VAB folded wing appears in section 9.4.6. 
Vehicle Mating. In the ,previous discussion, it was shown that the 
most feasible method of erecting the vehicles is in the mated configuration. 
A tradeoff study was made to determine the best location for this mating 
(refer to Figure 9.4-4). There are two basic choices, off-pad or on-pad. 
Off-'pad m.ating involves mating the vehicles at some facility remote from 
the launch pad, then transporting the combined vehicle to the pad. On-pad 
mating requires the orbiter and booster to be transported separately to the 
launch pad, then mated and erected. 
In the analysis ,of off-pad mating, there appear to be two major 
approaches which may be taken .. Each approach 'assumes the use of a 
1,langar-type facility where the vehicles are mated (Figure 9.4-9). As the 
booster vehicle landing gear is not designed to take the combined weight 
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of both vehicles, especially during a transportation mode, the use of a 
transporter for the combined vehicle is required for both concepts. 
The two major methods of handling the combined vehicle after mating 
are (a) to transport the vehicle to the pad and erect it there, or (b) to pro-
vide a means of erecting the vehicle at or near the assembly area, and 
transporting it vertically to the launch pad. These approaches are depicted 
in Figures 9.4-10 and 9.4-11. Further analysis of these concepts is con-
tail1.ed in the next sections of this report. 
Facility Requi renlents 
ETR Evaluation. A study ground rule is that the launch site, primary 
landing site, and maintenance and refurbishment site shou~d be at the same 
generallocation to reduce program costs. Savings would result directly 
from the elimination of transportation of vehicles between mis sions and 
duplication of operations and personnel. This approach also has a very-
favorable effect on the reduction of the turnaround time and the stream-
lining of ground operations. 
Kennedy Space Center (KSC) is the assumed location for Eastern Test 
Range (ETR) operations. Figure 9.4-12 shows the existing facilities and 
the surrounding undeveloped land in the Cape Kennedy area. The area to 
the northeast of LC39 appears to be the best location for the ILRV operations. 
It is large enough to accommodate the necessary facilities including launch 
pads, refurbishn1.ent and maintenance area, control buildings, propellant 
storage areas, two 10, OOO-foot runways, etc. 
Concept A would require two new launch pads. At this poi.nt in the 
study, it has been as su~ d that there would be some advantage in using 
LC39 C and/or D (nonexistent pads surveyed for future use with the Saturn V 
vehicle) for the ILRV. Concept B would make use of ~C39B (with modifica-
tion) and one of the two undeveloped LC39 pad areas. 
Concept A. Concept A will require a new complement of facilities and 
equipments in addition to some existing facilities which may be utilized: .' 
a. Assembly Building - The Assembly Building will be used for 
all functions and will include the following areas and 
equipment: 
1. Maintenance and Refurbishment areas. 
2. Transfer areas. 
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3. Assembly area. 
4. Cargo ready a,rea. 
5. Shop and labo,;"atory area .. 
6. Supply and storage area. 
7. Office ar ea. 
8. Safing and decontamint don area. 
9. Checkout contr.ol area. 
10. Tool and equipments area .. 
11. Ground support equipment services., 
12. Handling eq uipments - Slings for booster, orbiter, and 
cargo. 
13. Crane (overhead) Z50-ton capacity. 
14. Rail and roadway within facility as required . 
A conceptual diagram of the assembly building requirements is 
shown in Figure 9.4-13. This concept assumes the :requirement 
for an all weather facility for maintenance and cargo loading . 
b. Transporter and !i],'f'ector - The tr.ansporter and erector is.a 
vehicle required. to transport, support, and erect the mated and 
orbiter and boostel' vehicl.e into a vertical position upon the hold-
down arms base at the launch pad. The erector will be hydrau-
lically actuated al\ld suited to rail and/or road utilization. The 
transpo.rter / e:t"~~t6:rsupports the booster at three m.ain attach 
points' - tw,o 011 the Wing spars, and the nose gear bulkhead. 
c. Launch Pad - Two new launch pads are iclentified as requirements 
to support the sch~du1e of the Integral Launch and Reentry Vehicle 
Program. The IJ~unch pads will be 8ufficiently built-up as a 
plateau to accomm.odate the neces sary trench requirem.ents 'with 
a minimum. of Burface water seepage problems. A rail n'lounted 
aervice and access towf:!r will support launch activities at both 
pads. The launch platform. with supports and hold-down structure 
will be subsurface, located ati:ip~(~;~~oximately eighty-five feet 
below the erector l~'ll!el: Vehicle aerodynamic nigh;; clearance 
out of the hole (125 feet diame1ter) remains to be determined .. 
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Each launch pad will require ground support services (hard stands) 
a,nd storage equipments including a liquid oxygen storage area, 
liquid hydrogen storage area, liquid nitrogen storage a.rea, high 
p.res sure gas storage area, liquid hydrogen burn pond, and 
miscellaneous handling, service and support equipments. 
Utilities that will be required at each launch pad will include a 
water system and an electrical power system. 
The storage requirements effective at each ILRV launch pad are: 
1. High Pressure Gas System -
LN2 - 500, 000 gallons at 25 psig pumped to 6000 psig 
as required 
LN2 - 800 cu ft at 6000 psig 
Helium - Railroad tank ca.rs 
2. Liquid oxygen - 900,000 gallons at internal operating 
pre.ssure of 10 psig. 
3. Liquid hydrogen - 1, 700,000 gallons at internal operating 
pressure of 7:; psig . 
4. Jet engine fuel - 5000 cubic feet 
5. Hyp~rgo1ic fU'els - (To be determined) 
The water system required to support each launch pad will 
neces sitate a reservoir of 1, 000, 000 gallons capacity. 
. Industrial supply capacity to the launch pad will be TBD. Fire 
protection supply of water to each launch pad at 6000 GPM, is 
required. The electrical power requirement at each of the 
ILRV launch pads is assessed to be distributed at 13.8 KV to 
substations. Substations provide a 480 volts power for normal 
loads. 
d. Launch Operations (LO) area. - A launching and mission operations 
facility will be required to support the two ILRV launch pads and 
their respective functions. The functions which will be required 
of the LO bave not been determined. The Launch Control Center 
(Lee) for Saturn V control would have sufficient capacity to 
handle ILRV launches. 
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e. Administrative area - An administrative area is a requirement 
and will include directive administration, cafeteria, nledical 
areas, etc. 
f. Inter-facility communications system - An operational inter-
communication system will be required as the primary 
communications medium for coordinating the preparation, 
checkout, countdown, and launching of the ILR V. 
Concept B. Concept B proposes to utilize the Launch Complex Pad 39B 
and to activate Pad 39C for use. Launch Pad 39B was primarily designed 
and utilized as a Saturn V Program launch facility. The Concept B 
presents an opportunity to promote an adequate flight launch performance 
with, an interest in the reduction of costs related to the Integral Launch 
and Reentry Vehicle launching support facilities by using existing Saturn V 
designed hardware and with a minimum of modification as to satisfy the 
demands of the ILR V. 
a. Assembly Building - The assembly building and its equipments 
as described in Concept A will be identical or common to the 
requirements of Concept B. 
h. Transporter and Erector - The transporter and erector is a 
vehicle required to transport, support, and erect the mated and 
cargoed orbiter and booster into a vertical position and upon the 
hold down arms base of the mobile launcher (ML). The erector 
will be hydraulically actuated and designed to a rail configuration. 
The distance traveled by the transporter and e'rector is only that 
distance required for the mated orbiter and booster vehicle to 
clear the assembly building (330 feet) and extending to the ML 
ramp dock. 
Mobile Launcher - The mobile launcher and crawler and 
transporter provide a vital ground support function which is 
required in the vertical Integral Launch and Reentry Vehicle 
rpobile operational concept. The umbilical or service tower 
permanently attached to the base of the mobile launcher provides 
for checkout of the vehicle system and servicing as required at 
the time of vehicle erection and at the countdown prior to launch. 
AU operations are conducted without breaking the W11.bilical 
connections. The base of the mobile launcher will serve as the 
launch platform and will contain the operational test and ser-
vicing equipments required for ,launch. 
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The launcher base win require a modification of flame (blast) 
outlet to accommodate the ILRV configuration in the ver~ical posi-
tion. In addition, the electrical and mechanical interfaces between 
the ILRV systems, either at the assembly area, erection area or 
at the launch area, and through the launcher base structure will be 
modified as reql1ired. 
The service and umbilical tower will require sufficient modifica-
tion to remove unnecessary Saturn V support equipments and to 
p,rovide the, ILRV a minimum support of six umbilical service 
arms and two work and acces s platforms located as necessary to 
perform the prelaunch and launch operations. Modification of the 
servicing and distribution systems of the tower will be as neces-
sary to satisfy the ILRV requirements. These systems include 
propellant and pneumatic systems, communications systems, 
electrical power systems, water systems, and instrumentation 
systems. 
c. Crawlerway - The Saturn V Complex 39, Pads Band C crawler-
way will require a new and modified crawlerway to accommodate 
the location of the assem'bly building mobile launcher ramp dock. 
d. Launch Pad - The Saturn V Launch Complex 39, Launch Pad B : 
is in existence and may hoe converted to ILRV utilization with 
ground supporting facilities (hardstands) modification or additions 
while Launch Pad C is only a potential pad site and is not com-
pleted, thus requiring a completely new complement of equipments. 
The ILRV storage water system,and electrical power system. 
requirements as identified for Concept A will be also effective at 
each of the Launch Pads Band C of Launch Complex 39. 
e. Mission Operations area - The Launch Control Center (LCC) 
supporting the Saturn V Launch Complex 39, Launch Pad B will 
require a modification as required to support the launching and 
mission operatl.Vns as related to the ILRV at both launch pads B 
and C. 
f. Interfacility Communications System - The operational Inter-
communication System of the Saturn V Program will require 
modification to incorporate the ILRV vehicle communications for 
coordin,ating the preparation, checkout, countdown, and launching 
as required at Launch Pad B and a new installation supporting the 
requirements of Pad C. 
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Hazards Analysis. The overpressure in a shock wave induced by 
the explosion of a launch vehicle can cause damage to structure~1 and injury 
to personnel. Thrust-generatednoise also introduces the possibility of 
sound-induced injuty to pe'rsonnel and damage to structures and equipment. 
Therefore, these potential hazards must be examined when considering 
facility siting to insure adequate distances between the launch pad and 
adjacent facilities where damage or injury could occur. The following 
analysis is based on safety criteria developed from data related to hazards 
associated with present launch system . 
Table 9.4-6 summarizes the separation distance requirements for 
various blast overpressure limits. Selected criteria, including launch pad, 
launch vehicle and personnel overpressure limitations and the overpressure 
criteria used in the siting of the Saturn V facilities (LC39) are noted for 
reference. 
Similarly, Table 9.4-7 summarizes the separation distance 
requirements for various sound level limits. Selected criteria, including 
launch pad, launch vehicle, and per sonnel sound level limitations and the 
sound level criteria used in the siting of the Saturn V facilities are also 
noted for reference. 
Final determination of the separation distance requirements depends 
on which criteria are to be applied to the ILRV. For example, based on the 
assumption that the maintenance and assembly areas are to be considered 
as uncontrolled areas, the 120 db sound level is the controlling factor, 
requiring 22, 000 feet separation from the launch pad. However, based on 
the ass~m:ption that the same crite.ria used to determine the LG39 separation 
distan~e will be applied to the ILRV I the 0.2 psi overpressure is the con-
trolling factor, requiring 18, 000 feet separation. 
Final determination of the interpad separation distanc~ requirements 
depends on whether the pads wiU be in use simultaneously. With no launch 
vehicle or launch personnel on a pad, up to 0.65 psi and 135 db ca-q. be 
withstood with no major damage. However, with the presence of personnel 
and a launch vehicle, the limits are reduced to 0.4 psi and 130 db. 
For the purpose of this study, a separation distance of 18,000 feet 
(0.2 psi) from the launch pad to the off-pad operations buildings will be 
assumed. Due to the high launch rate requirement of the ILRV, it will be 
assumed that launch operations will be running simultaneously on the two 
pads. Therefore, a separation distance of 10,500 feet (0.4 psi) will be 
required between ILR V launch pads. 
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Table 9.4-6. Explosion Hazards Separation Distance Requirements 
-
Separation Distance Required for Blast Overpressure of: 
Propellant Veliicle 
... 
-
CD ®® O>® Quantity TNT 
Vehicle and Type Equivalent 2. 0 psi 1. 0 psi o. 75 psi o. 65 psi O. 4 psi 0.2 psi 
3. 190M lbs 
ILRV (LOX/LH2 ) 1. 91M lbs 3400 ft 5400 ft 6800 ft 7200 ft 10,500 ft 18,000 ft 
Table 9.4-7. Sound Level Hazards Separation Distance Requirements 
Separation Distance Required for Sound Level of: 
CD 0@ ® 
Lift-Off 
Vehicle Thrust 140 db 135 db .130 db 125 db 123 db 
·ILRV 5.0M lbs 2300 ft 4000 ft 7200 ft 12,500 ft 15,000 It 
NOTES: <D Launch Pad/GSE Limit - No LV or Personnel 
o Launch Vehicle (on Adjacent Pad) and Launch Personnel Liinit-
G)Uncontrolled Area Limit (Occupied buildings, roads, railways) 
® Saturn V Interpad separation criteria (LC 39A to LC 39B) 
® Saturn V Assem.bly Area separation criteria (LC 39A to VAB) 
(j) 
120 db 
22,000 ft 
------ -----------
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9.4.4 Facility Cost Estimates 
The cost estimates for the two main operational concepts are included 
in Tables 9.4-8 through 9.4-13. Table 9.4-8 lists the cost estimates for the 
primary landing site, either a new site, or modification of the KSC skid 
strip. If the analysis of horizontal flight test to hypersonic speeds is indi-
cated, then the KSC facility could conceivably be used for this purpose. 
Normal operations will require a conventional runway and facilities; How-
ever for rocket engine takeoff, there is a requirement for cryogenic 
servicing, a potential blast hardening of the runway, and more important, 
extra distance between the runway and the nearest inhabited buildings for 
hazard protection. As the requirement for horizontal rocket tests have not 
been firmly established at this time, the extra costs for horizontal rocket 
takeoff are not included. 
The as sembly and maintenance hangar area costs are dependent upon 
the vehicle size, launch rate, and vehicle turnaround time. With a ground 
rule launch rate of 30 to 50 per year, and a turnaround time of 80 hours and 
using the baseline vehicle size, the minimum assembly area maintenance 
bay requirements for vehicles appear to be for three boosters and three orbi-
ters for 30 launches per year, with five boosters and five orbiter bays required 
for 50 launches per year. The facility sized to accommodate these vehicles 
is included in the costing. It includes maintenance and repair (M and R), 
transfer aisle mating area, cargo ready room. shop and lab area, office 
area, etc. For the off-pad erecting (Concept B), the erector area including 
a ramp, dock, and crane is included as part of the assembly building area. 
The major difference in as s embly building costs between 30 and 
50 flights per year is the number of vehicle maintenance bays required. 
The launch pad costing data is a preliminary estimate of the ILRV 
requirements and are based upon two new launch pad complexes for Con';' 
Cept A, and a modification of an existing launch pad plus one new pad for 
Concept B. Based upon the requirements previously discussed, it is advan-
tageous to use existing pads. However, the high cost of a new ML Crawler-
way would cancel this advantage for vertical transport to the launch pads. 
No attempt was made at this time to determine availability of the existing 
launch pads during the mid-l970 1 s. Previous studies have determined the 
requirement for two launch pads. It is assumed that the existing unused . 
areas of the LC39 Launch Control Center can be used for launch control. 
No firm requirements for launch control have been determined at this time. 
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Table 9.4, d. ILRV Landing Facility Requirements 
ILRV Facility Requirements 
:Landing Facility 
Runways (2) including taxiways, aprons, etc. 
Roadways, canal, 'barges, and docks* 
Instrument landing system 
Lighting system 
Air traffic control towel' 
Fire station and equipment 
Miscellaneous service equipment 
Utilities 
Automatic landing system 
TOTAL 
Misc. (10%) 
Contingency (10%) 
A&E (7%) 
*l)ock - 1. 75 M 
--
Rails - 3.0 M 
Barge - . 25 (Rental) 
5.00 
New 
Facilttie s 
$M 
20.5 
1.0 
1. 15 
• 15 
. 5 
2.0 
5.0 
1.5 
31.80 
3.18 
3. 18 
38.16 
2.67 
40.83 
Modify 
Skid 
St~ip 
$M 
10. 0 
5, 0 
1.0 
1. 15 
.15 
• 5 
2.0 
5.0 
1.5 
26.30 
2.63 
2.63 
31. 56 
2.21 
33.77 
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Table 9.4 .. 9. ILRV Maintenance and Assembly Facility Requirements 
-
----" - _. ---, -
-.----~ +--- .. -
.- Flights Per Year 
30 40 
A B A B !l ILRV Assembly Facilities $M $M $M $1\.1 $M 
.. 
M arid R areas 47.25 47.25 63.0 63.- 0 78.5 
-Transfer aisle and assembly area 13. 5 13.5 13. 5 13. 5 13.5 
Cargo area 1.7 1. 7 1.7 1. 7 1.7 
Shop and laboratory area O. 75 0.75 o. 75 O. 75 0.75 
Supply and storag'e o. 75 O. 75 0.75 0.75 0.75 
Office area 0.5 0.5 0.5 0.5 0.5 
Tools and equipment 0.5 O. 5 o. 5 O. 5 0.5 
Cranes (1 at 250T, 1 at 50T) - 2. 5 2.5 2.5 2.5 2.5 
Checkout control 0.75 O. 75 0.75 O. 75 1.5 
Ramp O. 1 O. 1 O. 1 O. 1 0.2 
Assembly Area 
. 
Erector, ramp, dock, piers, misc. - 6.88 - 6.88 -
Subtotal 68.3 75.18 84.05 90. 93 100.65 
-,-"" 
Co;ntingency - 10 percent 6.8 7. 5 8.4 9. 1 10.6 
Mis cellaneous 10 percent 6.8 7. 5 8.4 9. 1 10.6 
Sub-Total 81. 9 90.18 100.8 109. 13 121. 85 
A & E - 7 percent 5. 7 6. 3 . 7. I 7. 6 8. 5 
Total 87.6 96.48 107.9 116. 73 130.35 
50 
~ $M 
78.75 
13. 5 
1.7 
o. 75 
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2. 5 
1. 5 
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Table 9.4-10. Launch Pad (LC 39) Facility Requirements 
ILRV Facility Requirements 
LAUNCH PAD AREA - LC 39 MODIF. 
Hardstand, including flame trench 
Flame deflector 
Mobile launcher, modified \ at 30 percent 
Fixed launch platform 
Acces sand .service tower 
Vehicle erector 
Cryogenic servicing system modification 
Escape system modification 
Roadway to pad 
Utilities 
Site development 
Launch Control Center (LCe Mod) 
Cryogenic storage (additional LHZ) 
Mi s cellaneous 
Contingency 
A&E 7 percent 
10 percent 
10 percent 
Launch Pad 
* 
Total 
'Total 
Total 
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A 
Horizontal 
Transport 
SD 69-573-5 
B 
Vertical 
Transport 
$!VI 
z.o 
10.0 
2.0 
• 5 
35. 0 
o. 1 
2.0 
0.6 
0.85 
53.05 
5. 3 
5. 3 
63.65 
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Table 9.4-11. Launch Pad (New) Facility Requirements 
ILR V Facility Requirement 
LAUNCH PAD AREA - NEW COMPLEX 
Hardstand, including flame trench 
Flame deflector 
Mobile launcher, modified 
Fixed launch platform 
Access and :service tower 
Vehicle ,erector 
Cryogenic servicing system 
Cryogenic storage (L02 - LH2) 
Es cape ,system 
Crawlerway or transporter tracks 
Utilities 
Site development 
Lal,1nch Control Center (LCC MOD. ) 
Mis cellaneous 
Contingency 
A&E 7 percent 
10 percent 
10 percent 
Launch Pad Area 
, . 
Total 
Total 
Total 
9-148 
A B 
Horizontal Vertical 
Transport Transport 
$M $M 
15. 0 20. 0 
2. 0 2. 0 
-
10. 0 
5.0 
-
5.0 
-
5. 0 
-
10. 0 10.0 
2.6 2.6 
O. 5 o. 5 
14. 3 15.0 
5. 0 5.0 
5. 0 5. 0 
o. 6 o. 6 
...... _,-
70.0 70.7 
7.0 "'I. 1 
7.0 7. 1 
84.0 846 9 
5.8 5. 9 
--' 
89.8 90.8 
SD 69-573-5 
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Table 9.4-12. Ad.ditional Launch Pad Facility Requirements 
__ -------------------------.'~M ____________________ ~------------~--------_ 
ILR V Facility Requirement 
.A 
Horizontal 
I TraIlsport 
B 
Vertical 
Transport 
~--------------------------------------------~'----~/------~--------~ 
LAUNCH PAD AREA (N,EW' COMPLEX 
SECOND PAD) 
Hardstand 
I 
Flame deflector 
Fixed launch platform 
Access and se~vice to'\ver 
Vehicle .erector 
C ryo1!cnic servi.cing system 
Cryogenic stor:a~~ 
Escape systen'1 
Transporter tracks 
Utilities 
Site development 
Launch Control Centel' 
Contingency 10 percent 
Miscellaneous 10 percent 
A&E 1 percent 
Total 
Total 
Total 
15.0 
2.0 
5.0 
5.0 
10.0 
2.6 
· 5 
6.5 
1.0 
1.0 
· 3 
48.9 
4.9 
4.9 
58.7 
• 6 
Not 
Rf!quired 
~--------------------------------------------~-----~~I------~--------~ 
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Table 9.4-13. ILRV Major Ground Facility Cost SUInlnary 
--
Flights Per Year 
I· . 30 I 40 
A B A B 
Horizontal Vertical 
Transport Transport 
Facility $M $M $M $M 
. 
Landing facility .40.8 40.8 40.8 40.8 
Maintenance and assembly fac. 87.6 96. 5 107.9 116.7 
Launch pad (modiI) 
-
68. 1 
-
68. I 
Launch pad (new) 89.8 90.8 89.8 90.8 
.. 
Launch pad (2nd new) 59. 3 - 59.3 -
TOTAL 277, 5 296.2 2 (17. 8 316.4 
... _ .. _-
--
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The sUlumary of facility costs, Table 9.4-13, is based upon thE~ 
following assumptions: 
1. Concept A, horizontal mode of transport, will require two new 
launch pads. 
2. For Concept B, vertical transport, one existing pad can be 
modified and one new pad will be r equir ed. 
3. While modification of the existing KSC skid strip would cost le,ss 
than new facilities ~ the time required to transport to the mainte-" 
nance a.rea and launch pads seriously affect turnaround ti~~s and: 
present additional handling operations. '. 
9.4.5 Results and Recommendations 
From the trade analyses conducted, there appeared to be some 
clear-cut solut~-:ms and some that are not yet resolved. Horizontal mating, 
off-pad, was judged to be advantageous over vertical mating, mainly because 
of safety, cost, relation.ship of cargo loading, and vehicle weight penalties 
associated with vertical lifting. The method of transport of the mated 
vehicle to the launch pad was investigated for two major concepts-horizontal 
vs vertical. Vertical tran,sport wa~ investigated because of the possiblity 
of using existing equipment, modified to the ILRV. The VAB should not be 
used, even with major modifications, due to the many penalties. However, 
the crawler, ML and launch pads of LC 39 could be us ed with modifications,. 
Cost and utilization tradeoHs show that there is no real advantage of using 
Saturn V equipment which could be idle during the seventies, and the atten-
dant shorter learning curye. The main reason for the selection of the 
horizontal trans'port mode at this time is because: (1) existing hardware is 
not oriented to a fast turnaround time; therefore, it will be difficult to 
provide the efficiency that special purpose equipment could provide. A 
transporter on rails could move the mated vehicle to the pad in less than 
half the time that the existing ML-Crawler could; and (2) based upon present 
cost estimates, there is no cost advantage to using modified equipment, on 
the contrary ~ vertical transport with the high cost of crawlerways will cost 
more than the new facilities required for horizontal transport. 
The study points up the need for a further analysis of the transporta-
tion of the vehicles to determine ,if an alternate method or ,combination of 
transpo: ' may be more practical. Due to the blast hazatds as sociated with 
the fully fueled ILRV, which are greater than the launch 'ready Saturn V, 
no area at ETR should be used for vehicle launching except for the LC39 
pads or the area north of the present facilities. There is a cost advantage 
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to using the present skid strip even with installing an additional runway, 
however the turnaround time becon'1es excessive due to the long transporta-
tion route to the maintenance area and launch pads. 
A nwnber of areas requiring further study have been identified. The 
following is a list of the major issues which would require resolution early 
in the next phase of an ILRV study: 
Recommended Study Areas 
1. Impact of horizontal rocket tests on runway. Estimate blast 
hardening, distance, storage, facilities for servicing, etc. 
. 2. Methods of reducing or eliminating precision alignment require-
ments for GSE, couplings, fittings, weight and balance, etc. 
3. Detailed study of feasibility, problem areas, and new concepts 
f01' the strongback erector method of erecting the ILRV. Also 
study of methods of lifting, hydraulic 1 cranes, or both, for the 
erector. 
4. Study of methods of vertical launch of orbiter only, using mlnl-
mum. modifications of operational transporters and launch pads~ 
5. Require analysis of modification requirements for ML, crawler, 
and launch pads. Objective - minimuITl cost launches. 
6. Emergency egress on launch pad, as there is no ILRV launch.- escape 
system as on the Apollo. A ITlore rapid means of eITlergenc:y 
egress from the ve.rtical vehicle to the ground is required. 
7. Study needed to determine requirement for acces s to booster' 
while on launch pad. Specifically, is a structure equivalent to 
the MSS required? Time studies versus access via ML arms dollars 
are required. Problem areas are the BV APU and GH2 l'v"ent lines. 
8. .Study use of rails ver sus' tires for transporter. Investigate 
potential off-site versus on-site usage. 
9. Investigate us e of cofiirtlon cryogenic storage area for two pads. 
10. Investigate possibility of reducing the high cost of ML crawler-
ways at KSC. It is pos sible to move mated vehicle on transporter 
closer to the launch pad before erecting onto the ML. This could 
•
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prevent excessive crawlerway m.ileage and reduce tim.e span and 
costs for transport. 
11. Investigate possibility of sim.ultaneous L02 and LH2 chilldown and 
loading in both vehicle s . 
12. The hydrogen, oxygen, APU, fuel cell inlet, drain and vent lines 
access requirem.ents for both vehicles. 
9.4.6 Utilization of LC 39 VAB for the ILRV 
During the study period, the question of use of the VAB for the ILRV 
operations needed an answer. Several different approaches were taken to 
resolve this problem.. It am.Otlnts to (1) how m.uch of a penalty will be 
accepted for the ILRV for additional structure of the vehicles, and (2) how 
m.uch additional tim.e and m.oney can be provided during prelaunch operations. 
It is obvious from. the preliminary scale lay-Quts that the baseline ILRV 
will not be able to be located in the existing VAB - the spans and heights 
are not com.patible. The VAB was designed for cylindrical vehicles and not 
large winged vehicles. Therefore, the next question was, what could be done 
to m.ake it usable. There appear to be three approaches - (a) modify the VAB 
to make it big enough, or (b) modify the ILRV or (c) modify both (Table 9.4-14). 
The only modification that could be made on the ILR V would be to use a folded 
or detachable wing configuration that would reduce the largest dimension on 
the vehicles to less than 149 feet 1 inC!l, which is the available horizontal 
high bay door opening. Table 9.4-15 lists the preliminary requirements for 
a folded wing ILR V. 
These approaches were investigated sufficiently to warrant the con-
clusion that there is not an approach which is very attractive; however, for' 
a price, the VAB could be used. A summ.ary of the major criteria for 
these configur~Jtions is shown in Table 9.4-14. For the baseline ILRV and 
an unIllodified VAB, there are no operations possible. 'With a folded wing 
booster, and if the vehicles are designed for vertical hoisting, the unm.odi-
fied V AB could be us ed for positioning either the booster or the orbiter 
alone on a m.odifie¢l J;v1L. I With m.uch repositioning of t~e ML, a m.ating 
could be m.ade, only with the result that the ILR V would be in a les~ than 
advantageous position on the ML. While IllOst uIllbilical connections are 
still unknown requirem.ents, personnel and crew access from. the orbiter to 
the tower would rem.ain a firm. requirement for this configuration of the 
ILRV. 
Figure 9.4-14 shows the preferred and alternate configuration for 
mount" ,\g the ILR V with folded wings on the mobile launcher. 
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Operations 
Vehicle 
Requirements 
VAB 
, Requirements 
Other 
Requirements 
Major 
Problem 
Areas and 
Major 
Advantages 
Table 9.4:" i4. VAB Utilization Options 
Unmodified VAB 
Baseline ILR V I Folded Wing ILR V 
None I 1. Hoist B V 
None 
None 
None 
Wing Span of 
boost vehicle 
larger than 
any existing 
VAB area or 
bay 
2. Position ML in bay 
3. Lower BV onto M.L 
4. Move ML out of bay 
5. Hoist OV 
6. Position ML in bay 
7. Mate OV to BV 
1. OV -wing span must be less 
than 149 it - fuselage 
stressed for horizontal 
and vertical lift (=500 lb. 
weight addition) 
2. ~.Y -wing stub span must be 
less than 149 ft - fuselage 
stressed for horizontal 
and vertical lift (=1000 lb. 
weight addition) wings 
hinged + TPS* panel 
hdwr. - '" 1000 lb. weight 
addition. 
No major requirements -
work platforms to be added 
or modified 
Modify ML - Exh. Opening, 
Access + umbilical arms, 
holddown arms, etc. 
Cannot mate OV -BV in V AB 
without re-positioning ML. 
ILR V in alternate config could 
be used for dev test flights 
(single stage) 
Modified V AB 
Baseline ILRV 
1. Erect OV and BV 
2. Mate.vehicles in 
vertical position 
3. Move ML vehicle to pad 
1. OV -fuselage stressed for 
horizontal and vertical 
lift - = 500 lb. 
2. BV -fuselage stressed for 
horizontal and vertical 
lift - = 1000 lb. 
L Add approx. 320 ft. W.x. 
700 ft. L. new high bay 
area 
2. Hook height - 475 ft. 
preferred - 350 ft. alt. 
3. Extend 250T craneS (2) 
4. New work platforms 
Same ML modifications 
475 ft hook height for pre-
ferred configuration. Large 
size, height of building. 
Folded Wing ILR V 
1. Erect OV and BV 
2. Mate vehicles in 
vertical position 
3. Move ML vehicle to 
pad 
4. Extend wings and 
secure 
1. OV-fuselage stressed 
for vertical lift 
2. BV -fuselage stressed 
for horizontal and 
vertical Hft, wing s 
hinged + TPS* panel = 
approximately 1000 lb. 
(*thermal protection 
system) RCS, hydrau-
lic and elect added 
weight unknown 
1. Many modifications 
possible 
2. Fully enclosed BV req. 
300 ft x 437 It mod to 
high bays 
3. Same hook ht req as 
baseline 
4. Simpler modification 
than for baseline. 
Platfo rms - same 
Same ML modifications 
Trade-off: Folded wings 
vs $ of facility modifica-
tions. Affords greatest 
flexibility in facility 
design. 
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Table 9.4-15. Preliminary Requirements Folded Wing ILRV 
Boost Vehicle 
Location of hinge line arbitrary from design standpoint .. 
Need for analysis of carrier aircraft for design features 
Disadvantages 
• Weight penalty - Heavier structure 
Hinges 
Fittings 
Subtotal (approximately) 
• Disconnects in ReS, Hydraulics 
and Electrical Lines 
Subtotal (approximately) 
• Thermal protection system panel 
• Additional stre s sing for vertical 
lift capabilities 
BV weight penalty 
• Decrease in reliability + additional operational 
time and maintenance not determined. 
Orbiter Vehicle 
4001b 
4001b 
1001b 
900lb 
1001b 
1000 lb 
1001b 
1000 lb 
2100lb 
• Disadvantages - Weight penalty - heavier structure :.: 500 Ib 
Due to Additional Stressing Required for Vertical Lift Capability 
• 
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100' 
135' 
PREFERRED CONFIGURATION 
60' 'tOwER. 
160' 
~ ALTERNATE CONFIGURATION 
Figure 9. 4-14. LC 39 Mobile Launcher With ILRV - (Folded Wings) 
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Modification of the VAB to provide the necessary space for the baseline 
ILRV requires a huge addition to the present structure. This addition would 
have to be approximately 300 by 700 feet in size (nearly the size of the 
present VAB) and of the same height to use the present bridge cranes .. 
Figure 9.4-15 illustrates the relative size of one such m.odification. The 
last possibility, that of modifying the VAB and using a folded wing ILRV 
has many possibilities for configuring the VAB. One possiblity is shown in 
Figure 9.4-16. This concept would use extended high bays for erecting, 
mating, and checkout and an extended low bay structure for a maintenance 
area. Again, unless a larger m.odification is made, the mated vehicle ends 
up in the alternate, less desirable position on the ML. 
The analysis of the VAB was only preliminary, and as a result, the 
final answer depends upon the Phase B vehicle configuration and a more 
detailed trade study of the vertical lifting requirements as related to costs. 
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9.4.7 Ground Support Equipment 
Providing a description of ground support equipment (GSE) for the ILRV 
at this time is a rather hazardous occupation. There is sufficient information 
available to generate a list of what kinds, or categories of GSE are required, 
however, there is insufficient detailed data on ILRV su.bsystems, structure 
or operations to go much beyond this level to any consistent degree. 
Table 9.4-16 represents a first generation of the categories of G'SE which 
have been identified to date. The list id.entifies basic interface areas 
(handling, electrical and electronic, and servicing), for three basic areas 
of ground operations. The landing site, assembly and maintenance area, 
and the launch pad. The generation of subcategori~s of GSE are dependent 
upon the functional allocations of the next leve 1 functional flow diagrams and 
the analysis of what support equipment is required for these func.tions. 
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Table 9.4-16. Preliminary Ground Support Equipment Categories 
Land. 
Site 
Assy& 
Maint. 
Fadl. 
Launch 
Pad 
Assy &-
Land. Maint. Launch 
Site Facil. Pad 
r-' t 
Category H - Handling, Transport, Access 
HI - Vehicle Slings, Jack Pads 
HZ ~ Access Stands (nose, jet engine., 
rock~t engine, cargo bay, landing 
gear bay, etc.) 
H3 - Tow Equipment, Tractor, Chocks, Etc. I X 
H4 - Vehicle Transporter and Erector 
H5 - Alignment Equipment 
H6- Remote Site Access & Handling X 
H7 - Protective Covers, Plugs, Seals, X 
Des sicants , Etc 
H8 - Vertical Cabin Access & Protective 
Equipment 
Category E - Electrical and Electronic 
(Data, Command & Control, Software, 
Simulators, Bench Maintenance) 
EI - Data Reduction Equipment X 
(includes Alt Site Data Transmitters) 
EZ - CaQle Sets (hangar, 1cmnch pad) 
E3 - Ordnance Interface & Simulators 
E4 - Communication & Instrumentation 
E5 - Flight Control Equipment X 
E6 - Software - System Simulators, 
Programs 
E7 - Simulators 
7-1- Crew, Part Task Trainers 
7-Z - Mission Simulator 
E8 - Bench Maintenance for-E-
E::t - Post Landing Safing Equipment X 
E10 - Launch Control & Range Safety 
Ell - Substitute Units 
• 
X 
X 
x 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Category S - Servicing 
(Filling, Draining, Pressurization, 
Purge, Servicing & Launch Support, 
Bench Maintenance Equipment) 
Sl - Hydraulic Power Servicing 
SZ - Environmental Control Servicing 
S3 - Electrical Power Servicing 
S4 - Cryogenic Servicing 
4-1 - Cryogenic Oxygen 
4-Z - Cryogenic Hydrogen 
S5 - Jet Engine Fuel, Servicing 
S6 - Gases 
6-1 - 0z 
6-Z - HZ 
6-3 - N Z 
6-4 - He 
6-5 - COZ - Air 
S7 - Battery Servicing System 
S8 - Fuel Cell Servicing System 
S9 - Rocket Engine Servicing 
S10 - Launch Umbilical Service Arms 
S 11 - Launch Pad Mounts 
SlZ - Bench Maintenance Equipment 
for-S-
S 13 - Decontamination Equipment, 
Post Landing Conditioning 
S14 - APU Duct Set 
X 
X X 
X X 
X 
X 
X X 
X 
X 
X X X 
X 
X X 
X 
X 
X X 
X 
X 
X 
X· X 
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9.5 VEHICLE MAINTENANCE PLAN 
The objectives of the ILRV checkout, maintenance, and refurbishment 
program will be to prevent deterioration of system inherent design reliability 
with the minimum expenditure during operations. Minimization of operating 
costs of the space shuttle will require revision of current space vehicle 
checkout and maintenance procedures to adopt where pos sible an airline 
type approach. This will require many advances in checkout techniques. 
Further detailed analyses will be necessary to confirm the feasibility of 
the preliminary maintenance and refu.~bishment (M and R) plan defined in 
this study • 
The shuttle vehicle logistics analyses was directed toward: 
Identification of major checkout and maintenance requirements 
Identification of checkout techniques 
Development of economical checkout, maintenance and 
refurbishment plan 
Identification of major part replacement provisions 
Estimation of preliminary manpower requirements for syste.m 
checkout and maintenance 
Generation of checkout and maintenance timelines 
Development of design criteria to minimize maintenance 
requirements 
Airline experience has shown that the use of frequent overhauls to maintain 
system reliability has been uneconolnical. For the ILRV also, operating 
times for many of the subsystems and components will be significantly les s 
than the specified life Or MTBF. It therefore becomes necessary to main-
tain the required system reliability by detection of faults or potential system 
failures with an efficient checkout system to facilitate efficient corrective 
maintenance action. 
Definition of checkout and maintenance operations and timelines is 
based upon the use of an onboard checkout system and performance of 
maintenance operations on orbit or at a launch and landing site at ETR. 
A large percentage of checkout operations will be perforrr.l.ed during 
! 
vehicle flight. The in-flight checkout operations will identify subsystem out 
of tolerance conditions which require maintenance action. The vehicle 
onboard checkout system will also collect subsystem:performance data which 
will be used in trend analysis to identify potential ·subsystem failures, and 
thus facilitate cor rective action before a failure occurs. It should be noted 
that while operating cycles for vehicle components may be less than that 
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allowable between failures, the calendar life of components (such as rubber 
materials) may be critical and require complete overhaul and part replace-
ment during the shuttle lO-year program. 
9.5. 1 Identification of Major Checkout and Maintenance Requirements 
------------------~--------------------. . 
To facilitate a comprehensive definition of checkout. and maintenance 
requirements for incorporation in an M and R plan, steering groups with 
rep res entatives of NASA,' the ILR V pt"ime ,contractor and subsystem con-
tractors will be established in phases B, C, and D. These steering groups 
will have specialist members familiar with component system character-
istics. Failure modes which are expected to be most prevalent will be 
identified with their associated effect on the mis sion and crew safety. lv10st 
critical and prevalent failures ,will then be identified for checkout and main-
tenance in the M ,and R plan. 
In this study an analYsis has been performed of critical checkout and 
maintenance problems and these data have been supplenlented by checkout 
and maintenance procedures defined for aircraft and previous space vehi-
cles to generate a M and R plan. The preliminary M and R plan including 
checkout requirements is described later in this report. It is noted that 
the electronic systems is adaptable to automatic checkout, but the detection 
of system faults such as hydraulic fluid leakage and mecha.nical damage 
may require visual inspection. 
A critical checkout and maintenance problem. exists relative to the 
thermal protection system. The specified external thermal protection 
material is s:till being developed and the reusability of cryogenic propellant 
tank insu.lation has to be est.ablished. .Analyses were perforrned to identify 
potential maintenance problems with the thermal protection systems (TPS) 
and likely maintenance procedures. The TPS properties and maintenance 
requirements are discussed below. 
Exte rna I Insulation 
A dens:ified quartz material (LI-15) and zirconium diboride ceramic 
material are propos ed for external insulation. LI-15 which is used on areas 
of the vehicle subjected to temperatures less than 2000 F is susceptible to 
moisture absorption (e. g., rain, mist) during flight or groUiJ.d operations. 
It is likely that hydrophobic coa.tings, used to prevent moisture pickUp, must 
be reapplied after each flight. Th;e equipment ,and facil~ty resources required 
and the elapsed time involved are not known at this time. The drying time 
of the LI-15 and the possible curirtg tirrJ.e involved with the hydrophobic coat-
ing after application could possibly extend the desired lv1 and R and turn-
around times. Possible damage to the LI-15 material could be extreme and 
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protective covers may be required during ground operations. The material 
cah be attached mechanically or by elastomeric adhesive bonding. A primer 
would be required prior to bonding. Zirconium. diboride materials have 
high melting points and are us ed on the ILRV leading edges of wings etc. 
Thle materials are oxidation resistant to approximately 4000 degrees 
Fahrenheit or higher and have good to excellent thermal shock resistance. 
They are, howe'T,rer, hard and relatively brittle which requires design con-
cepts applicable to ceramics. Tensile stresses ar.ld stress concentration 
m.ust be minim.ized. Attachments must be designed to minimize the possi-
bility of thermally induced stresses. Diffusion bonding (hot press forge 
bonding) of the diborides to thems elves can be accolnplished if the geometry 
of the parts to be bonded··is suitable. Machining must be done with diamond 
tools or an equivalent process. Therefore, extreme care, such as protecti.ve 
covers, may be required to protect these ma terials during ground operations. 
Field repair would primarily be removal and replacement of complete panels. 
A field repair capability of minor cracks may be possible although the equip-
ment facility resources required and the elapsed time involved are not known 
a t this time. 
Internal Structure Insulation 
Internal structure insulation materials were reviewed for projected 
ret..~.e capabilities. TG-15000, which is the material selected for the ILRV, 
has been proven for reuse on the Apollo program but has low temperature 
characteristics. The support problems lie in the material's projer;:ted 
reUl3e capability of 6 to 10 flights, projected at maximum service tempera-
tures. A projected reuse capability of 10 flights is used to structure 
the prelimina.ry periodic. lv1 and R inspection frequency established for the 
vehicle. Since the material is utilized internally, an inspection system 
(e. g., x-ray or ultrasonic) will have to be developed to periodically ascertain 
the rnaterial'sreusability. The projected vehicl.e downstream, or out of 
connnissiQn time,' during this M and R inspection phase has not been estab-
lished. The anticipated M and R facility and equipment requirements will 
hav:e to be identified in order to establish the level and location of the 
ins p ec tiOtl .• 
Inte:rnal Tank Insulation 
The vehicle cryogenic tankage will require insulatio~ on either the 
extElrnal or internal walls •. If the insulation is placed on the external tank 
11l.rea, inspection and M and R support functions will not be accomplished 
without (1) extensive accessibility to all tanks, or (2) removal of all tanks 
from the vehicle. Neither design approach is feasible under the ILRV 
9-164 
SD 69-573-5 
Sr· • 
I 
i 
" 
" 
" 
',j 
;1 
":i ;" .)' 
, ' 
't Space Division ~ North American Rockwell 
operational n"lodes. Therefore, it is considered that the tank insulation 
would be placed on the internal tank wall, thus allowing periodic inspection 
or M and R support and repair functions to be carried out. 
It is considered that the internal tank insulation would be of a type' 
similar to polyurethane, as used on the Saturn program. The polyurethane 
ma~erial was sprayed on and machined to specification. Polyurethane's 
material developed for ILRV will have similar physical and support features 
and workmanship to the S -II. Internal insulation inspection would be per-
formed periodically; i. e., every 10 flights. The maximum repair time 
allowable during the normal turnaround cycle would be approximately 3 
days. Otherwise the vehicle would be considered out of commission until 
the repair is completed. The Saturn program experiences from 2 to 11 days 
for polyurethane foam repair. Equipment required will include cutting, 
bonding, vacuum, and heating equipment, and thicknes s measuring devices. 
Special clothing and support equipment (e. g., venting, air conditioning, 
cleaning) would be required inside of the tank for M and R personnel safety. 
9.5.2 Checkout Techniques 
The use of nondestructive testing, measurement of systemperfdrmance 
and computerized analysis of the data will be necessary for the ILRV. A 
nUInber of techniques which have been identified for checkout to preclude the 
necessity for system disassembly are listed in Table 9.5.1 (See also figurec 
under 9.3.6). 
Fiber Optics 
The fiber optics method, with fiber tubing routed through the vehicle 
during assembly, would provide an optical capability for vie'~ing "buried" 
or hard-to- s ee components. Optic lens, either normal or wide angular, 
are used at vehicle external ports. With an external light source connected 
to the tubing, it is possible to view the condition of the hidden items peri-
odically without vehicle and subsystem disassembly. 
Ultrasonic Test 
A versatile nondestructive testing technique is the ultrasonic. This 
system utilizes a transducer which s ends a signal through the material under 
investigation and displays on a cathode ray tube both the start and the return 
points of the signal. If there is a crack or other defect in the material which 
is either too small or remotely located to be easily discerned or internal 
where it cannot be observed fr9m the exterior, an echo is produced which 
shows up as an additionar'pip between the start and return points. This 
technique has been applied successfully to engine compressor disc webs 
without removal of the discs from the engines. 
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Table 9. 5 -1. ILR V Nondestructive Checkout 
Testing Techniques 
Utilization Application Supporting 
Equipment 
Inflight M and R Welds Bonds Brazes Structure TPS Engines Requirements 
Light Source 
- X X, X X X - - Optic Lens 
X X X X - - - - US Power Source 
Indicator 
Indicator 
X X X X X X X 
-
Power Source 
- X X - X X - - Isotope and Film 
Equipment 
Sulfur hexafluoride leak X X X - X X - - Leak Detection 
I, 
! 
detection Sensor and Indicator 'I 
System 
Sonic analysis X X - - - - - X Microphones 
Magnetic Tape 
Computer 
Acoustic Spectroscopy 
Acoustic spectroscopy can be used externally and internally to inspect 
material bonding conditions by ultrasonic means. In-place wave directions 
(transducer and sensor-type components) are spaced apart, at varied dis-
tances, on a facing sheet us ed as' an ultrasonic conductor. The directors 
, 
i 
are positioned to have an overlap of acoustic waves for detecting discrep-
ancies in bondings, welds, brazes, structures, and possibly, TPS materials. 
Radiography 
. Structural bearn.s and channels could be used to house film :and isotope 
tUnnels to provide an inspection <;:apability of inaccessible areas. Internal 
structure (e.g., beams, welds, joints) and system components (e. g., 
terminals, valves) could be exarn.ined without entl1Y, interference, or 
disassembly to the internal vehicle area. 
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Sulfur Hexaflu.oride Leak Detection 
Sulfu.r hexafluoride leak detection techniques can be utilized either 
inflight or on the ground through sensing and indication equipment •. Welds, 
brazing, lines, and structure can be inspected for propellant and fluid leak?-ge 
without visual inspections by emitting sulfur hexafluoride through propellant 
systern hardware. 
Sonic Analysis 
Sonic analysis is a technique which is evoking considerable interest 
among the airlines. It is very attractive from a line rnaintenance standpoint 
since it offers the potential of analyzing engines without disassernbly, in 
fact, without even opening the ~ngine cowling. Since the run can be made 
at idle speed, it also avoids the high nois e levels which are specifically 
prohibited at s orne airports during certain hour s. Random noise is picked 
up by the microphones and recorded on rnagnetic tape. The noise i,s ,a corn!", 
plex ,pattern consisting of exhaust noise, gear tooth rneshing, rotor blade 
pas sing fequencies, c.· 
On-Board Checkout 
The previously described checkout and nondestructive testing tech-' 
niques ·will be integrated with the onboard checkout system (OCS). 
The oes, during rnission and ground operational phases, rnustpr~vid¢' 
on tape or strip recording proces ses, measurements and indications of those 
LRD's not responding propel ly to the input stirnuli or actual operational 
dernands. Only the ·irnproper measurements and indications will be .. rec,or'ded. 
That is, where subsystems and cornponents continue to ope'rate ;within design 
tolerances, no within-tolerance measurements vV:i.ll be recorded. TheOeS will 
monitor all subsystems; i. e., EPS, lES, propulsion, hydraulic/pneumatic, etc~ 
. The oes utilization flow depicted in Figure 9. 5-1 illu~trates the, 
'U.sage of the oes during five basic phases of ground and space Inission 
activities. ' The oes is used during the prelaunch phas e to check out all' ,. 
systerns prior to launch. After launch and throughqut the booster and 
orbiter flight periods, the oes will continuously fupnitor the on-board sys-
terps, recording the critical limits and rnalfunctions on tape as well as 
relaying pertinent support inforrnation for post-landing an9, ground operations 
planning. Prior to mission completion, a final list will be prepare~ ~by the' 
crew, using the oes, to provide a complete surnrnary of all critical.li:rnits, 
failures and discrepancies reco.rded or observed during flight. The flight 
tapes and reports are analyzed by cornputer rneans to establish trends and 
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for establishing and scheduling M and R requireIllents. The M and R 
requirements, both scheduled and unscheduled, are cOIllpleted through 
repair and replaceIllent type activities. Those spacecraft priIllary and 
secondary subsysteIll undergoing M and R as well as those not utilized 
during the previous Illission will be checked out through the ees. The des 
will again IllQnitor and record "out-of-tolerance" conditions as denoted. 
Two types of ees inflight recorders are recoIlln~ended to ensure 
adequate, efficient coverage of systeIll operations. (1) the tape and 
strip recorders will be l·equired to collect and assist in the display of 
operational inconsistencies. (2) a voice recorder will be required to 
adequately record crew responses and COIllIllents associated with the incon-
sistencies obtained during the vehicle operations. These two types of 
r~corders will provide a dual check ba~;is for ensuring that all autoIllatic 
and verbal inductions are recorded; thus assisting ground M and R opera-
tions to properly correct all systeIll Illalfunctions. The ees will be 
designed to the fullest extent to be used with IlliniIllal aSE during ground 
operations, turnaround functions, and M and R subsysteIll checkout activ-
ities. The ees, itself, will require a self-test capability to checkout and 
calibrate functions and ensure proper Illeasurelnent and indication during 
flight. The ees equipIllent shall be designed for IlliniIllunl expenditure of 
M and R Illanhours with minimuIll downtime. Modular construction shall 
be used with plug-in, snap-out replaceIllent philosophy. Test provisions 
shall be so designed to provide optim.uIll equipIllent and personnel 
acces s ibility • 
The DeS data Illanagement and reporting system will be de~igned to 
siIllplify data reduction processes and miniIllize elapsed time between vehi-
c Ie landing and the start of post-flight M and R activities. Tapes will be 
subjected to computer processing, iIllIllediately on landing. Strip, or paper 
tape, recorder products will be designed for instantaneous readout and use 
by M and R personnel without requiring any data reduction processing. 
Voice recorder tapes will be proces sed along 'with the ees tapes to provide 
the dual checkability of the faults and indications recorded during flight. 
The ees data, i reduced from the tapes, may be processed through a sub-
routine in order to properly format the M and R requireIllents for us e by a 
lesser skilled M and R technician. If so, additional computer and readout 
equipIllent and skilled personnel will be required to provide these functions 
before the M and R activities can be perforIlled. 
9.5.3 eheckout,A1aintenar;tce and RefurbishIllent RequireIllents 
The orbiter and booster vehicle designs described in section 8. 0 were 
analyzed to define checkout criteria and preliIllinary Illaintenance and 
refurbishIllent plans. The subsystems reviewed included: 
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Environrnental Control and Life Support Subsystem (EC LSS) 
Hydraulic and Pneumatic Subsystem (HYD PNEU) 
Integrated Electronics Subsysterrl (lES) 
Checkout, maintenance, and refurbishment operations were established for 
three frequencies: (1) after each flight, (2) every] 0 flights, and (3) every 
50 flights. 
Maintenance at fi~e three specified frequencies will be perforrned at 
the following locations: (1) M and R activities each flight or line -type 
maintenance performed on the vehicle! will be performed in the M and R 
facility at the ETR launch site; (2) shop support recess any to provide pench 
M and R and laboratory backup will also be performed within the M and R 
building; and (3) the M and R supporting the overhaul requirements. These 
will be accomplished at a designated support contractor (e. g., lLRV vehi-
cle prirne contractor), or at a prime depot facility. 
Projected checkout and r.£1aintenance requirements are summarized 
in Table 9 .• 5-2, and the tirnes associated with performance at checkout and 
maintenance operations are presented later in the section. 
9.5.4 Replacement Requirernents List 
During the M and R ~nalysis of subsystem cornponent and operational 
requirements, significant subsystern items requiring routine replacement 
have been identified. Thes e items, whos e quantities are unknown at this 
time, have been identified through analyses of prelirninary engineering data, 
past Apollo and Saturn usage and experience, and consideration of tentative 
subsystern operational requirements, both ground and in-flight. The mis-
sion tirne used for this analysis was two hours for the Booster Vehicle (BV) 
and seven days (168 hours) for the Orbiter Vehicle (OV). 
The lLRV Replacernent Requirement List, Table 9.5-3, depicts.the 
subsystem itern, the vehicle(s) concerned, and the tentative frequency; i. e., 
number of flights, operating hours and calendar time. 
Critical c"r long lead-tirne iterns, requiring development and long 
fabrication tirnes, identified thus fa·r include the auxiliary power unit (APU), 
fuel cells , thermal protection systern (TPS) rnaterial (interior and exterior), 
rocket engines, and IES components. These items have been identified by 
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Checkout, MamteDaJICe,aDd: llefurbl.bmeDt Requirement •. 
Each Flight 
VisuallnBpection all acceaaible areas -
check for danlage or corrosion 
W ci~ht and ba lance check of tota I 
vehicle 
10 Flights 
External visual inspection 
Special check, e. g. , P lIgnment if Special check, e. g., alignment if 
adverse flight or landing adverse flight or landing 
50 Flights 
External visual inspection 
Major str'lctural overhaul 
Special check, e.g., alignment if a,berse 
flight or landing 
Computer analysis of OCS data 
Computer analysis of OCS data Computer analysis of OCS data ~--~--~---4~~~--~~~~--~~---4~~~----~~--~--~--~~~--~~~--~--------~ Thermal protection Visual inspection for erosion and Visual inspection for erosion and Visual inspection for erosion Bnd 
external damage external damage external damage 
Inspection of ceramics and joints Inspection of ceramic. and joints Inspecti,·,·. of ceramics and jointl' 
Application of hydrophobic coating to Application of hydrophobic coating Application of hydl'ophobic coating 
Ll-15 to Li15 to LI-lS 
TPS thickness measurement TPS thickness measurement TPS thickness measurement 
Panel replacement as required Panel replacement as required Panel replacement as required 
Visual inBpection of tank insulation Visual inspection of tank inBulation Visual inspection of tank insulation 
Computer analysis of OCS data Computer analysis of OCS data Computer analysis of OCS data 
Internal and external inspection by Internal and external inspection by 
x-ray and ultrasonic methods x-ray and ultrasonic methods 
TPS thickness measurement. TPS thickness measurement, 
r-------------~--------------~--------~--------------~-------+-------------------------__i PropUlsion system Visual inspection of all ~ngines Visual inspection of all engines Replacement of seals 
Electrical power 
system 
Hydraulic pnt!umatic 
system 
Integrated electronics 
.• ubsyste m 
ECLSS 
Systems purged and cleaned Systems purged and cleaned 'Visual inspection of all engines 
Protective covers installed Protective covers installed Systems purged and cleaned 
Propellant feed systems purged Propella'nt feed system- purged Protective covers h-talled 
Installation of desiccants at vent ports Installation of desiccants at vent Propellant feed systems purgod 
Desiccant plugs installed in throat area ports Installation of desiccants 
of nozzle and protective cover on Desiccant plugs installed in throat 
nozzle exit area of nozzle and protective 
In'A:pcct ram air scoop cover on nozzle exit 
RCS nozzle visual inspection Inspect ram air scoop 
(Replace as necessary) 
Comp'lter analysis of OCS data 
Reactants drained from fuel cells 
System purged or allowed to 
consume residual reactants 
,t\PU servicing 
Fuel cell serVicing 
Computer analysis of OCS data 
Visual inspection of landing gear and 
flight control components 
Inspection for hydrogen fluid leakage 
Computer ana lysis of OCS data 
Visual 'Inspection 
Computer analysis of OCS data 
Visual inspection of antenna exposed to 
space environment (special attention 
to navigational aids) 
Visual inspection of coax cable 
Cleaning and purging of water, urine, 
waste systems 
Cannisters replaced 
ECS radiator panels installed 
Evaporator water systems cleaned and 
tested for microbe c011nt 
Crew equipment replaced 
Computet' analysis of OCS data 
RCS nozzle visual inspection 
(Replace as necessary) 
Air turbine and engine turbo pump 
inspection 
Rocket engine leak and functional 
check 
Calibration of engines installation 
Computer analysis of OCS data 
Inspection of accessories including 
coolant pumps, filters, and C02 
scrub up capsule replacement 
Fuel cell replacement at end of 
operating life 
Leak test 
Hydrogen difiusion test to detect 
fuel cell cross leakag., 
Electrical resistance test in 
addition to on-board checkout 
Loading of reactants 
Computer analysis of OCS data 
Propellants dr;lined from APU 
Gear boo lubricant and catalytic 
or .ign J.on component servicir..g 
Silver zlnc battery replacement 
Hyrlrogen pneumatic filter cleaning 
Fluid level check and replenishment 
System leakage tests including 
pumps and reservoirs 
Functional check of Hight control 
components 
Visual inspecUon of l"ntiing gear 
and gear control components 
Ins pection for hydraulic fluid 
leakage 
Computer analysIs of OCS data 
Functional check 
Visual inspection 
Computer analysis of OCS data 
Visual inspection of antenna 
exposed to space environrnent 
(Special attention to na\';gational 
aids) 
Visual inspection of coax cable 
Cleaning and purging of water, 
urine, waste sy~tems 
Canisters replaced 
Functional and calibration inspec-
tion to identify component replace-
ment requirements 
ECS radiator panels installed 
Evaporator water systems cleaned 
and tested for microbe count 
Crew equipment replaced 
Computer anaiysis of 9CS dat.a 
Engine removal and inspection 
Turbojet shop inspection and minimal 
disassembly 
Overhaul after operating life 
Computer analysis of OCS data 
Inspection of accessories including 
coolant pumrs, filters, and C02 
scrub up ,.apsule replacement 
Fuel cell replacement at end of operating 
life 
Leak test 
Hydrogen diffusion tests to detect fuel 
cell cross leakage 
Electrical resistance test in addition 
to onboard checkout 
Loading of reactants 
APU replacement 
Propellants drained from APU 
Computer analysis of OCS data 
Silver zinc battery replacement 
Gear bOl{ lubricant and catalytic or 
ignition cCn'lponent servicing. 
Extensive operational check 
Replace ","ikes and tires 
Drop te"t of landing gear as indicated by 
computer analysis 
Replace seals 
Functional check 
Visual inspection 
Computer a;n",lysis of OCS data 
System overhaul 
Visual inspection of antenna exposed to 
space environment (sp<,cial attention to 
navigational aids) 
Visual inspection of coax cable 
System overhauled. 
Part replacement 
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Table 9.5-3. Replacement Requirement List 
Spacecraft Replace Frequency 
Subs ystem and Item BV OV Flights Hours Calendar 
EPS 
--C02 Scrubber Capsule X X 10 
Batteries X X Yearly 
Fuel Cell X 30 5,000 
Auxiliary Power Unit X 50 100 
Auxiliary Power Unit X 80 100 
Coolant Pumps X X TBD TBD 
",-
TPS 
--Internal Material X X TBD TBD TBD 
External Material X X TBD TBD TBD 
STRUCTURE 
Air Frame X X Overhaul 
100 
PROPULSION 
Turbo Engine X X 12,000 
Rocket Engine X 200 10 hr 
Rocket Engine X 75 10 hr 
IES 
--Navigation Aids X X Every £It 
Antenna 
Inertial Ref Unit X'" X TBD TBD .' 
Computer X X TBD TBD 
EC LSS 
LiOH Canister X Every £It Every 12 hr 
during 
mission 
,~ 
HYD PNEU 
Wheels X X 100 Overhaul appro'!; 
5 yr 
Brakes X X 100 Overhaul approx 
5 yr 
Tires X X 100 . Overhaul approx 
5 yr 
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engineering studies to be possible problerrl areas, wit:h the TPS rrlaterial 
being the major iterrl. lES component$ have not been sufficiently defined 
to beCOlne part of the requireITlent replaceITlent Hst at this tiITle. The 
HYD /PNEU subsysteITl, landing gear, lires, brakes, and wheels replacement 
ra.t;~~ ·.;H:I".ve been generated as a result of examination of airline data •. 
For exan~ple, airline us(?,ge figures on the 707 (cargo version) DC -9, 
727 and 880 tires, brakes, and wheels indicate that, if projecteJ straight 
across on the basis of sil"nilar size and weight between airline and ILRV 
vehicles, the tires would never be replaced (routinely) with the vehicle 
life set at 100 flights. TWA reports that~ they experienced on the 707 air-
craft an average rate of III to 143 landings per tire and 400 landings per 
set of brakes. Wheels are overhauled during each tire replaceITlent on 
DC-9, 727 and 880 aircraft. The tire replacement and wheel overhaul rate is 
about the saITle whereas the br'ake replacerrlent ranges frorrl 120 to 700 land-
ings. These data however do not reflect calendar tiITle constraints on the 
landing systerrl and it is co~sidered that rr~lljor overhaul and part replace-
ment would 'be neces sary after approx:b:nately 5 years. 
Further inforrrlation on the M and R requirements involving the TPS 
ITlaterial can be found in the Section 9. 5 .. 1. 
9.5. 5 Maintenance and RefurbishITlent Cycle 
The Maintenance and RefurbishITlent (M and R) cycle functions and 
elapsed tiITles for the ILRV will vary depending upon the extent of the 
scheduled and unscheduled M and R required afterea,ch ITlission for the 
booster and orbiter vehi.cles. The goal of the study was to define a check-
out, maintenance and refurbishITlent plan which would facilitate vehicle 
turnaround within a two week period. ':t"'liis turnaround period is significantly 
less than the tiITle required for assernbly and checkout of prese:nt space vehi-
cles. The M and R analysis is based upon the use of aircraft maintenance 
policies and philosophies wher~· possible. PreliITlinary analyses indicated 
that approxiITlately 6 days (48 hours elapsed tim.e) would be required to per;-
forITl the vehicle's M and R requirements. It is however recognized that 
ITlore detailed analysis will be necessary to confirrrl the feasibility of this 
turnaround tiITle and ass oeiated M and R plan. Experience in operation of 
the shuttle will be necessary before th'e turnaround tiITle can be achiev~d" 
Typical M and R functions and: acth,'-ities (e. g. s .access rerrloval and repl~.ce­
ITlent, visual and operational checkout) were defined froITl analyses of Air 
Force and cOITlITlerical airline operations. These functions and activities 
represent the norITlal ITlode ()r sequence to ?erforrrl the post landing M and R 
requirerrlents. 
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The Maintenance and Refurbishment Checkout Cycle, Figure 9. 5-2 
combines a logic functional flow approach to pres ent the ILR V maintenanc e 
and refurbishment (M and R) and checkout philosophy. The intent of the 
chart is to display the hands-off concept to be used during vehicle turnaround 
M and R operations. The hands-off concept is one which will entail the per-
formance of corrective-type (unscheduled) M and R functions complimented 
with minimurn preventative-type (scbec.uled) M and R activities. The basic 
philosophy us ed states that "If the system has just operated on the previous 
flight according to specification without discrepancies, then leave it alone. II 
For example, if all vehicle primary systems operated properly, then the 
1V! and R SUbsystem checkout cycle would f'l1.1y vt!rify the secondary or backup 
systems. 
Vehicle status data, namely the on-board checkout system (OCS), data 
printouts, visual inspection reports, and planned M and R requirements, are 
the basis for establishing system readiness. With the system deemed ready J 
schedule mair~.tenance, as required" is performed in place or by a spare 
replacement, with the neces sary testing performed to ascertain system 
readiness. When the system is not functioning prop.erly, unscheduled main-
tenance is enacted by fault detection and troubleshooting methods to deter-
mine the problem. As the problem is defined, the action cycle (same as 
with scheduled maintenance) is activated with the necessary testing per-
forn~,~d to ensure system readiness. 
The level at which the scheduled and unscheduled maintenance, OCS, 
a.nd support equipment testing, replacement, and repai'f," will take place will 
be the linerepHiceable unit (LRU) level. The failed LRU's will be replaced 
and dispositioned for further refurbishment action. 
Three average M and R cycle timelines previously discussed have beel'}. 
generated to depict, as design and operational goals, the typical booster and 
orbiter vehicle M a!1d R cycle functions, elapsed times, and phasing. r.('hese 
M and R cytles present the projected requirern.ents for performing both 
booster and orbiter M and R activities in parallel. It is to be noted that the 
c·;.~cles reflect the orbiter vehicle as th.e worst cas e. A separate M and R 
cycle is included depicting the minirJal booste:t" vehicle (BV) M and R cycle 
requirernents. 
, 
Nominal Maintenance and Refurbishment Cycle 
The maintenance and refurbishment (M and R) cycle is shown in Fig-
ure 9.5-3. The M and R plan philosophy is to opera.te in a similar manner' 
to airlines where possible. Many of the checkout operations must be per-
formed during flig!'lt to minimize turnaround time. The M and R cycle is 
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limited to minimum operFl.tions of inspection, clean, drain and purge, fill, 
functional checks, squawk e!.imination or unscheduled maintenance, and 
minor component and module routine replacement functions. The elaps,ed 
hour figures, shown in parentheses, are defined as design goals. Further 
definition of the ILR V structures and subsystem configurations will provide 
more definitive goals and requirem.ents for the M and R functions. The 
nominal M and R cycle goal is 48 hours elapsed time. Within this envelope, 
the minimum M and R functions are scheduled. Block times, assigned for 
the 111 and R functions, are based on available airline and Air Force data, 
and maintenance experience. The Orbital vehicle is considered to require 
longest maintenance time, requiring the full 48 hours for M and R; the 
Boostef.' vehicle is expected to require less tin~e and therefore is not as 
c riticaI. 
Rocket and turbojet engines will require a visual inspection of all 
accessible areas. The quantity of engines and the extent of accessibility 
will be determining factor s on the length of time involved in the engine 
insp'~lction task. Routine, planned, scheduled replacements, may 'occur 
during each M and R cycle, depending upon the component replacement 
schedules. Also during this function, all critical unscheduled maintenance 
will be performed. Based on this schedule, approximately 26 to 30 hours 
(elapsed time) can be available during each M and R cycle for failure and 
malfunction corrections, if required. After the nonpropellant systems aTe 
serviced, the vehic Ie I s on-board checkout systE'm, supplemented with 
minimum GSE, is used to check the selected subsystems. This check will 
verify the operational capability of the vehich.:'s individual subsystems as 
well as the on-board checkout system itself. After positive checkout is 
obtained, the vehicles are closed out and prepared for removal to the mating 
area. 
Minimum Maintenance and Refurbishment C yc Ie 
The minimum overall M and R function and elapsed time required for 
both the booster and orbiter vehicle is depicted in Figure 9. 5-4, although 
the "typical': signifies both vehicles, the OV is considered to require the 
greatest M and R activity. The minim.um. M and R requirements are based 
on the supposition that (1) a perfect mission was flown (i. e •. rno squawks 
or critical trends were recorded by the on-board checkout system. or by the 
crew during flight), (2) the visual inspection performed on the structure, 
subsystem hardware, and engines detected no problem.s, and (3) the planned 
and routine maintenance requirements did not require effort on this turn-
around. Therefore, it was considered that only minimum servicing would 
. be neces sary. 
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Maxim.um Maintenance and Refurbishment Cycle 
The maxim.um M and E. function and times required for the BV and OV 
in parallel is depicted in Figure 9.5-5. The critical M and R requirement 
defined in the study is TPS repair and rocket engine removal and repla.ce-
ment (R and R). The TPS repair time has not yet been estimated. The 
elapsed time associated with the rocket engine Rand R requirement has 
been set at 38 hours. This time includes the removal, replacement, and 
the checkout involved only with the one engine. This time has been based 
on a similarity study between the J -2 and LR-129 engine data. All other 
M and R functions and tim.es have been maintained. A routine engine Rand R 
would occur about every 5 hours of engine life for performance of M a.nd R 
requirements. Engine ground and mission operational tim.e will be summed 
up to establish when this woul~ occUr and a scheduled flight frequency will 
be established for engine ~emoval and replacement requirements. 
Booster Maintenance and Refurbishment Cycle 
, ' 
It is considered, after review of design data and layout drawings, that 
the booster vehicle may 'require les s turnaround M and R acti vity than 
the orbiter vehicle since it is unmanned, its mission environment is 
minimal, and its subsystem complexity is less than the orbiter vehicle,. 
Figure 9.5-6 shows that rou.tine BV 1.1 and R functions would be identical 
to those described for the M and R cycle (typical) except that the elapsed 
time involved would be shortened. The large size of the BV structure and 
the greater number of rocket and turbojet engines, as compared to the OV, 
are not expected to greatly arfect the M and R elaps ed time. It is anticipated, 
at the present, that routine M and R requirements concerning the external 
and internal TPS can be performed during the elapsed time allocated for per-
form.ing planned and routine maintenance items. 
9.5. 6 Maintenance Manhour Requirement Analysis 
A preliminary analysis of the ILRV program M and R requirements in 
terrns of service maintenance manhour per flight hour (MMH/FH) and vehi-
cle downtime (elapsed hours) was made. Although the Booster Vehicle (BV) 
and orbiter vehicle mission requirements are not directly comparable 
to current airline and Air Force flight opel'ations, the common MMH/FH 
base or MMH/flight can be used as a measurable comparison between types 
of aircraft and spa~ecraft in providing a projected design specification base 
for ILRV program goals and requirements. The estimated ILRV BV and OV 
downtime per flight hour (elapsed tim.e) and MMH/FH requirements are 
presented in Tables 9.5-4 and 9.5-5. 
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Table 9.5-4. Booster Preliminary Maintenance and Refurbishment Manpower Requirements 
Frequency Downtime (Elaps ed Hour s) Manhours 
-
Number per Per Per 
Interval 1000 FIt Per Flight Per 1000 Per Flight Per 1000 
Operation (FIt Hr) Hours Operation Hour FIt Hours Operation Hour FIt Hours 
,-
Each flight 
(turnaround) 2.0 500.0 27.0 13.50 13, 500 1200.0 600.0 600,000 
EverY-TO flights 
(periodic) 20.0 50.0 35.0 1. 75 1,750 1500.0 75.0 75,000 
Every 100' flights 
( overhaul) ... - 200.0 5.0 336.0 1. 68 1,680 13500.0 67.5 67,500 
Dock and line 9000.0 
Shop 
~ 
4500.0 
Engine overhaul 
Rocket (10) 10.0 800.0 800.0 800,000 
'Turbo (4) , 12000.0 1200.0 0.4 400 
Engine (unsched 
overhaul and repair) 1.8 1,800 
"\ 
____ 3,OO~ C om.ponent overhaul 3.0 
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Table 9. 5-5. Or;.)iter Preliminary Maintenance and Refurbishment Manpower Requirements 
,~ 
Frequency DowntiTIle (Elapsed Hours) Manhours 
N\im.o-er per Per Per 
Interval 1000 Fit Per Flight Per 1000 Per Flight Per 1000 
Operation '(Fit Hr) Hours Operation Hour Fit Hours Operation Hour FIt Hours 
E'ach flight 168.0 5.94 48.0 0.29 290 3600.0 21. 42 21,420 
(turnaround) (7 days) ,,. 
, 
Every 10 flights 
(periodic) ,. 1680.0 0.594 60.0 0.035 35.0 4500.0 2.67 2,670 
Every 100 flights 
(overhaul) 16800.0 o. [;-5·9· 336.0 0.02 20.0 13500.0 0.80 800 
D-ock and line 9000.0 
Shop 4500.0 
Engine overhaul 
Rocket (2) 10.0 800.0 160.0 160,000 
Turbo (4) 12000.0 1200.0 0.4 400 
, Engine (unsched 
overhaul and repair) 1.8 1,800 
Component overhaul 3.0 3,000 
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The planned Iv1 and R operations, e. g., every flight, periodic, over-
haul, etc., are defined by frequency, downtime, and manhours per operation, 
per flight, and per 1000 flight hours. Estimates were based on current 
knowledge of vehicle design, subsystem content, skills, and support 
resources required. Manhour factors for possible M and R operations (e.g., 
component overhaul) occurring during 1000 flight hours were projected to 
include all probable types of M and R activities within the vehicle lifetinle 
requiring M and R functions. The factors and guidelines for selecting these 
M and R frequencies are presented in the "Subsystem Maintenance al1d 
Refu.rbishment Analys is" sections of this report. 
The booster vehicle" with less than a 2-hour mission time and 27-hour 
M and R cycle would have a 17-hour downtime per flight hour ratio and a 
1547 ~1MH/FH ratio. Although a seemingly excessive number, the 1547 Mlv!H/ 
FH requirement stems from a short mis sion time with a large M and R period 
required between flights. In direct comparison, the Orbiter, with a 168 hour 
mis s ion and a 48 hour M and R cyc Ie, would have a downtime flight hour ratio 
of O. 3 and a 190 MMH/FH ratio. The BV has two areas requiring further 
attention; that of the vehicles' requirement for 1200 n~anhours maintenance 
each flight and the rocket engine's requirement for 80manhours per engine, 
per flight hour. Since these are the two factors having major affect on '",he 
vehicle MMH/FH, 'methods of reducing 'manpower requi.re'ments in these 
areas should be investigated. For example, the vehicle must be des igned 
for maximum maintainability to ensure that 'maximum M and R can be acco'm-
plished in minimummanhours. The propulsion syste'm 'maintenance, excluding 
overhaul and replace'ment 'manhours, are included in the airfran'le manhours. 
1800 manhours per 1000 vehicle hours have been included in addition to engine 
overhaul manhours for repair or overhaul of engines removed due to fault or 
failure. Manhours for structural repair of engine air inlet ducts and engine 
bays are included in the airfra'me maintenance and overhaul. 
It is expected that the turnaround, M and R, and 1.1MH/FH goals! 
established for the ILRV program would not be achieved until about the 
third year?£op.eration. Commercial airline projections on new aircraft 
reveal that these shnilar operational goals require about three years to 
achieve through actual domestic and international operations. Since the 
ILRV program would be operating similar sized vehicles, plus the fact that 
the ILR V vehicles will not acquire the RDT &E test flight hours that com-
mercial or Air Force aircraft do, it is conceivable that the ILRV vehicles 
will also have to be flown several years to obtain the same operational 
experience. 
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Further study in this area is recommended to determine analytically 
the ILk'V M and R, MMH/FH parameters and design goals for the operational 
phase, thus influencing design though projection of defined M and R capa-
bilities, resources, and personnel requirements necessary to support U~RV 
space operations. 
9. 5.6. 1 ILRV Turnaround Impact on Manpower 
ILRV ground operations (post-landing, maintenance, prelaunch and 
launch) manpower requirem.ents were estimated for a booster and an orbiter 
for each phas e of operations". These manpower requirements (direct per-
sonne1) were used in conjunction with operational timelines, to d.efine the 
peak manpower requirements. Figures 9.5-7 through 9.5-9 show the 
phases of ground operations a!ld summarize the 'man.power requirements. 
'The quantities of direct personnel required for ground operations are also 
I"ummarized in Table 9.5-6, as an input to the cost study. 
Table 9.5 ... 6. Manpower Requirements 
Flights per Year Direct Personnel Required 
. 
30 130 
·40 170 
50 205 
. , 
These personnel should be considered as hired 011 an annual basis and 
not per operation. Obviously, these manpower requirements are hased on 
the NASA desired turnaround time (14 days). It is considered that during 
the initial phase of the program the turnaround time will exceed 14 days, 
but the specified cye Ie is likely to be achieved during the program. 
Figure 9.5-7 shows only a minor overlap of maintenance activity on 
the booster and orbiter, for 30 launches per year, and no overlap of orbiter 
and orbiter or booster and booster maintenance, and therefore only one set 
of GSE is required. 
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Figure 9.5 .. 8 shows no booster and booster maintenance activity over .. 
lap for 40 launches per year and only a minor amount of orbiter and orbiter 
and orbiter and booster overlap; one set of GSE should still be adequate due 
to the phas ing. 
Figure 9.5 .. 9 shows slightly more overlap of maintenance activity for 
50 lctunches per year, but still not enough to cause an increase of GSE. 
The personnel defined in the manpower requirement are considered 
to be multipurpose personnel. For example, a communications techpician 
will work on the booster and the orbiter in maintenance and other phases as 
required. This estimate of manpower was based on the vehicle configura-
tion, subsystem complexity and commercial aircraft data. 
9.5. 7 Design Criteria for Subsystem Maintenance 
Studies were performed to establish design criteria for ease of 
maintenanc e. 
M and R Accessibility Analysis 
An evaluation was made of M and R requirements to identify the best 
locations for grouping major and critical line replaceable units (LRU) which 
may require post-1anding and prelal,lnch M and R functions. 
Ground Rules us ed during this study included: 
No accesses would be provided in thermal protection system 
material 
The vehicles would be in the horizontal position during post .. 
landing and M and R functions; and in the vertical pos ition 
during prelaunch operations 
No M and R functions perform.ed during the mating, transportation, 
and erection phases 
No M, and R constraints placed on horizontal or vertical position 
operations 
Design operational requirements, resulting as conclusions from this analy .. 
sis, affecting BV and OV M and R functions in the horizontal and vertical 
positions, include: 
Minimal to zero M and R allowable in the vertical (launch) position 
Components and LRU's must be both bottom and aft mounted and 
easily removable in both types of mounting. 
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Side and cabin locations seem to provide the better centralized 
accessibility for both vehicles in either the horizontal or 
vertical position. 
Present ILRV conceptual layouts depict internal areas allocated to 
housing subsystem equipment within, adjacent to, and below the crew and 
passenger cabin. The vehicle side locations would be the prime accessi-
bility areas for both vehicles since the side areas are accessible in both 
horizontal and vertical positions, whether in the M and R facility or on. the 
pad. The M and R accessibility diagram, Figure 9.5-10 shows external 
access doors that would allow entry to the side compartments for maximum 
M and R operations. The cabin location, a secondary cho.ice providing 
excellent bay type compartmentizing as shown in the figure would be a prime 
consideration for the horizontal position, but less than desirable for the 
vertical position. The cabin access location would also require lighting, 
ventilation, and air conditioning during performance of M and R activitiies 
in either posi:tion. 
SUbsystem Maintenance Criteria 
The iterns identified in this section constitute a preliminary list of 
those' design features necessary to minimize ground operations and M and R 
functions dUrllng the turnaround and periodic overhaul periods of the vehi-
cle's life time. The following paragraphs present the approaches for 
minimum M and R through design recommendations as defined during the 
subsystem M and R analysis. 
Electrical Power System (EPS) 
I 
1. E~)S radiator should be designed with protective cover device to 
pl)\event damage during ground operations. 
2. EPS assemblies and components (black box type) should be 
located in a centralized electronics bay for ease of acces sibility. 
3. Auxiliary power unit (APU) should be located to facilitate eas ily 
achieved post-flight M and R functions (e. g., purging, oil 
servicing) • 
4. BC'Ltteries should be located in a centralized electronics bay to 
facilitate probable servicing and replacement requirements • 
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5. Cryogenic pUnlpS should be accessible for M and R requirenlents 
(e. g., possible high usage itenl). 
6. Cryogenic filter nlust be accessible for frequent periodic 
inspection, cleaning, and replacement. 
7. C02 scrubber capsule nlust be acces sible for frequent periodic 
replacenlent. 
8. Exterior lights nlust be replaced with hand tools and be properly 
aimed and focus ed after M and R. 
9. COnlponents nlust be nlodularized.to enhance M and R task and 
tinles. 
Thermal Protection Systenl (TPS) 
1. 
2. 
3. 
4. 
MaxinlUnl use should be nlade of proper TPS nlaterials to reduce 
M and R. 
Repair and replace TPS only on an unscheduled basis. 
TPS fasteners nlust be reliable and easily operated. 
Panels designed and sized for field and line operations and 
renlovable with hand tools. 
5. Internal structure and tankage TPS nlaterials nlust be designed 
for vehic Ie life. 
6. . Prinler coatings shall be applied in a technique to elinlinate 
corrosion . 
7. Thickness nleasuring devices shall be provided for TPS inspection .. 
8. Protective racks nlust be provided for storing TPS panels when 
renloved. 
Structures 
1. Provide quick release fasteners (e. g., Milson sleeve bolts) on 
frequently renloved access doors. 
2. Utilize, where applicable, renlovable cabin floor area, panels. 
and beanls for equipnlent and component housing. 
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3. Provide rem.ovable leading edges on wing and stabilizer surfaces 
for ease of unscheduled M and R operations (Reference: 
Figure 9. 5-11), 
4. Structure requiring r0.pair and lTI2..intenance m.ust be easily 
reparable for field m.aintenance operations. 
5. Acces s panels and doors should not be structural stress m.em.bers 
and m.ust be sized for ground handling capabilities. 
6. Engine m.ounts and trolley tracks should be designed in structure 
for ease of engine removal and replacem.ent. 
7. Specific walk areas should be designed and m.arked to prevent 
TPS and structure m.aterial damage. 
8. 
9. 
Fairing and structure around turbo and rocket engines m.ust be 
easily removable for im.proved accessibility for engine M and R. 
IVA tunnel, if incorporated in OV between crew com.partm.ent 
and cargo m.odule area, should have track sled provisions for 
transportation between locations. This would also provide an 
inspection vehic Ie for tunnel maintenance and refurbishm.ent. 
Propulsion Subsystem 
1. Turbo and rocket engines and systems m.ust be located for 
accessibility for M and R functions. 
2. Rocket engine design should include trolley m.ounts and rails 
for rem.oving engine from. rear of vehicle. 
3. Turbo engine design should include trolley m.ounts and rails 
for engine removal from rear of wing mount. 
4. Subsystem components (e. g., valves, pumps, etc.) must be 
accessible for inspection and replacement. 
5. Subsystem components must be designed for long life to reduce 
replacelnent operations. 
6. Propellants selected must be chosen for servicing advantages. 
noncorrosive effects, etc. 
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The leading edges of the horizontal stabilizer and the wings are 
attached with rn.echanical fastene r ' " 0 pe rrn.it rern.oval in case of 
dam.age. 
This elirn.inates the necessity of replacing the entire horizontal 
stabiliz c r or wing section because of darn.age to the leading edge 
of the surface. 
> 
Figure 9. 5 -11. Rern.ovable Leading Edges 
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7. Engines m.ust be interchangeable to minimize engine buildup task 
and tiIne. 
8. Engine M and R design criteria should include: 
a. Quick attach and detach type clamps 
b. Different size terminals used to prevent maintenance error. 
c. Magnetic drain plugs 
d. External probes for metallic contamination inspection 
e. Oil filter with indicator rod for contamination check without 
unit disass embly 
9. Additional propellant tanks for ferrying operations shall be 
designed for easy removal and installation. ' 
10. Internal tank components should be mounted in a close proximity 
I 
to the access panels to reduce access and component removal 
and replacem.ent tim.e~ 
11. Internal tank structure must provide for personnel and equipment 
ingres sand egres s and walkways. 
Integrated Electronics Subsystem (IES) 
1. Com.ponents (e. g., sensors, indicators) must be accessible for 
ease of maintenance and refurbishment . 
2. Major assemblies and components (black box type) should be 
located in an electronics bay for ease of accessibility (Ref-
erence: Figure 9.5-12), 
3. Flush m.ounted antennas must be easily and quickly replaced 
(e. g., after each flight), 
4. Self-test failure detection should be designed into electronic 
equipment . 
5. Components and as semblies must be designed with both bottom 
and side mounting provisions. 
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M CRITERIA 
1. COMPONENTS (BLACK BOXES) ARE SLIDE-MOUNTED 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
SUBASSEMBLIES ARE INTERCHANGEABLE 
COMPONENTS/ SUBASSEMBLIES DESIGNED WITH 
PLUG-IN TYPE CONNECTORS WITH QUiCK-RELEASE 
LOCK-IN DEVICES 
MODULES REPLACE D WITHOUT TOOLS 
TEST CONNECTORS LOCATED IN FRONT 
FAULT INDICATOR LIGHTS LOCAltD IN FRONT 
SYSTEMS DESIGNF.D TO PROVIDE LOCATION OF 
MALFUNCTION & REPLACEMENT OF FAULTY UN IT 
WITHIN IS-MINUTE TIME PERIOD 
TEST POINTS DESIGNED INTO MODULES MINIMIZE 
REPAIR DIFFICULTIES & AID IN TROUBLE SHOOTING 
TRANSISTORS ARE USED THROUGHOUT THE VARIOUS 
SYSTEMS TO REDUCE MAINlINANCE 
SE LF-TEST DETECTION IS BUILT IN THE VARIOUS 
SYSTEMS TO REDUCE THE NEED OF AEROSPACE 
GROUND EQUIPMENT 
Figure 9. 5:-12. Electronic System. Maintenan c e 
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6. Components and assemblies should be designed with plug in 
connectors with quick-relea.se locking devices . 
7. Modules shall be replaced without tools. 
8. Tesl: connections, lights, and points must be located on front 
of modules and components. 
Environmental Control and Life Support SubsysteITl (EC and LSS) 
L Provide ITlodularized EC and LSS equipment in cOITlpartITlent-type 
housing with quick, easy access to facilitate M and R. 
2. Provide flange and claITlp type connectors for hand connection 
and ITlaintenance operation to eliminate bolt-on flange connection . 
3. ECS radiator should be designed with protective cover device 
to prevent daITlage during ground operations. 
4. COITlpartITlent and acces s door seals should be installed on doors 
to preclude ingress and egress damage. 
5. Provide quick disconnects (e. g., bayonet type) on equipITlent 
cooling connections to facilitate M and R operations. 
6. Li0 2 canisters shall be designed for easy replacement during 
and after flight. 
7. SysteITl servicing points ITlust bt:: easily accessible during M and R 
and prelaunch operations. 
Hydraulic Pneun1.atic SubsysteITl (HYD PNEU) 
1. Filters ITlust be easily accessible for M and R operation. 
2. Servicing and lubrication points ITlust be easily accessible during 
M and R and prelaunch operations . 
3. Landing gear brakes ITlust be designed for reITloval and replace-
ITlent without reITloving wheels. 
4. Flight control system should be designed so no routine 
lubrication is required,. 
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5. Provide easily removable flight control surfaces. 
6. Provide quick-disconnects that prevent leakage and contamination 
when disconnected. 
7. Servicing and drainage ports shall be designed for both vehicle 
horizontal and vertical M and R operations. 
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9. 6 ILRV RELIABILITY AND SAFETY 
A major goal of the advanced space shuttle system is to achieve a 
significant advance in inherent safety. The reliability and safety analysis 
was therefore directed toward: 
Identification of safety hazards and definition of criteria and approaches 
to de sign for maximum safety 
A failure mode analysis to establish the impact of potential failure and 
action requirements 
Generation of a reliability apportionment and confirmation that system 
reliability and confidence goals can be achieved with the proposed test 
program 
Development of a reliability plan 
Development of a safety plan 
The goals for crew survival pr()bability and sltccessful mission com-
pletion probably are 0.999 and 0.95 respectively. 
Throughout this study, emphasis was placed on system feasibility and 
crew and personnel safety in the accomplishment of the anticipated earth 
orbital mission. In general the entire mission appears technically feasible 
at this time; however, further reliability and safety study is necessary as 
greater de sign detail is defined. In particular, the abort system reentry 
thermal protection and the zero g acquisition of cryogenic propellants for 
orbital operations require further design detail in order to evaluate the 
reliability and safety implications fully. 
9. 6. 1 Safety Des~gll Criteria 
The following summarizes basic guidelines for system design to 
maximize safety. The vehicle configuration shall provide for safe mission 
ter;mination for major malfunctions occurring during the prelaunch 
preparations and sub sequent to liftoff. The de sired safe mis sion termination 
capabilities should allow for crew and passenger egress prior to liftoff a.nd 
for intact abort following liftoff. 
Where redundance is needed, the vehicle systems shall be developed 
to provide redundant full mission capability and shall avoid minimum 
require~ent, minimum performance backup systems concepts. 
9-199 
;" SD 69-573-5 
I 
I' I. 
I 
I 
I 
I 
! 
I 
I 
I 
! 
, r 
? Space Division ~ ~ North American Rockwell 
Multiple redundant system technique s shall be adopted that minimize 
or eliminate system transients caused by system component failure s. 
All subsysterns shall be designed to fail operational after the failure 
of the most critical component, and fail safe after the second failure. 
Cargo elements containing hazardous materials shall have self-
contained protective devices or provisions. 
The vehicle shall include proper on-board provisions to quickly and 
ea sily place the space shuttle in a safe condition following landing. 
Safety critical equipment shall be designed to allow emergency opera-
tion by employing redundance and / or separation of parallel or similar 
functions, and the placing of such redundant or parallel equipment in 
isolation compartments or locations. 
The vehicle structure shall not be designed to withstand loads produced 
by any sub system malfunction that would otherwise re suIt in failure to ' 
accomplish the mission. Malfunctions shall not result in structural faildires 
which jeopardize the probability of safe mission termination. 
The hazardous effects of orbiter engine exhaust impingment upon the \, 
booste;r must be considered in design and appropriate protection measures " 
taken. 
All critical systems or circuits whose malfunction could result in 
unsafe or potentially hazardous situations will be provided monitoring 
capability to provide intelligence of the condition at the proper flight control 
panel where corrective action can be initiated. 
All automatic space vehicle systems which are critical to mission 
success or crew safety will be provided with the capability for ma.nual 
override and selection of backup systems. 
Space vehicle subsystems will be designed with the capability to return 
the entire system to a safe condition in event of a hold -'at any time during 
te st or launch countdown. 
The structure and equipment temperatures generated by aerodynamic 
heating during reentry create a condition which may result in fire or explo-
sion hazards in the presence of combustible fluid leaks. The ignition and 
flammability characteristic s under the se effects for on-board combustible 
fluids should be investigated and compared to reentry temperature profiles 
of selected equipment and structure. 
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Materials used will be selected with ignitiun, .L'lalTlnl.ability, toxicity, 
expansion, contraction and shock sensitivity characteristics such that they 
do not present potential hazards due to use in the intended environment. 
Inadvertent activa.tion of critical systems shall be inhibited by design 
of systems and protective devices. 
The vehicular equipment shall be de signed to allow the crew ready 
access to items to be serviced or maintained. 
, Redundant safety critical systems should be installed in separate 
compartments or areas of the vehicle to ensure that a single emergency or 
failure will not destroy both the primary and redundant system. 
Potentially explosive containers such as high pressure vessels or 
volatile gas storage containers shall be placed outside of and as remotely 
as possible from the crew and passenger compartments, and wherever 
possible, isolated. The possibility of providing such containers with special 
pressure release valves and/or vents should be considered. 
Materials used in the space shuttle shall meet the current flammability 
criteria. 
Flight vehicles will be structurally divided into compartments or zones 
which are classified according to the types of systems or equipment housed 
therein, and which can be structurally and/or environmentally isolated from 
the remainder of the vehicle. 
Ventingi-_, drainage" and disposal provisions will be designed into 
structural comp~rtments for the safe elimination of hazardous products. 
Disposal may be on a continuous or intermittent basis. 
Vent and drain openings at the v~hicle mold line, including equipment 
drains, will be located such that drainage or vented gases will not reenter 
the vehicle through other drain holes or ".rents. 
Emergency escape hatch mechanisms will be designed for single action 
operation such as pulling, pushing, or rotating, an:d will avoid operations 
such as removing locks, catches, pins or stops. 
Emergency escape hatches will be designed to open outward with the 
assistance of cabin pressure. 
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All door sand hatche s between compartments will be fitted with quick-
release mechanism s operable from both sides. Appropriate indicators of 
environmental conditions in adjacent compartments will be displayed near 
the door sand hatche s. 
Fire walls will be used where necessary to protect critical structure .• 
equipment, and controls and provide additional time to employ fire 
suppression systems (shutdown, extinguishing, etc.) and allow crew escape. 
Fire vralls will be designed as nonstructural(non-load bearing) when 
po ssible, and will be designed to prevent fail ure for the time required for 
e ffective use of enlergency measures. If structural (load carrying) members 
are used a s fire walls , they will be insulated and protected against fire in 
some ma!1ner which will prevent failure for the same time period. 
Structnre and equipment will be designed to pr e vent heat shorts 
(thermal paths) from high temperature areas to hazardous vehicle areas 
(e. g., thermal conduction of boundary layer heat during reentry to internal 
structure or equipment which may cause dangerous thermal stresses or 
ignition of local c ombustible materials). 
Propellant dumping measures s hould e provided as a safety measure 
In event ·Jf an emergency landing, di t ching, or ab ort. 
Inerting systems or equivalent provisions should be incorporated to 
prevent autoignition of re sidual fue l in tar.l.ks due to aerodynamic heating of 
structure and equipment during reentry. 
A fail- safe or redundant system design philosophy should be used for 
guidance and navigation systems in a manner consistent with mission objec-
tive s. 
The de sign of the inte grated system will ensure that instrumentation 
components cannot introduce hazards such as noise, vibration, sparks, 
contamination, incompatible mate rials, etc. into the end item. 
Life supp< rt and recovery aid s shall be provided to the crew and 
passengers while awaiting recovery in case of an aborted launch or emer-
gency landing. 
Life support provisions shall be provided for survival of the crew and 
passengers in o:t'bit, until rescue. 
The vehicle atmosphere and total pressure shall be the same as the 
Space Stc.tion du ring the transfer of personnel when the vehicles are docked. 
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All doors and hatches between compartments will be fitted with quick-
release mechanisms operable from both sides. Appropriate indicators of 
environmental conditions in adjacent compartments will be displayed near 
the doors and hatches. 
Fire walls will be used where necessary to protect critical structure .• 
equipment, and controls and provide additional time to employ fire 
suppression systems (shutdown, extinguishing, etc.) and allow crew escape. 
Fire walls will be designed as non.structural(non-load bearing) when 
possible, and will be designed to prevent failure for the time required for 
effective use of ernergency measures. If structural (load carrying) members 
are used as fire walls, they will be insulated and protected against fire in 
some manner which will prevent failure for the same time period. 
Structure and equipment will be designed to prevent heat shorts 
(thermal paths) from high tempera.ture areas to hazardous vehicle areas 
(e. g., thermal conduction of boundary layer heat during reentry to internal 
structure or equipment which may cause dangerous thermal stresses or 
ignition of local combustible materials). 
Propellant dumping measures should be provided a.s a safety measure 
in event ·Jf an emergency landing, ditching, or abort. 
Inerting systems or equivalent provisions should be incorporated to 
prevent autoignition of re sidual fuel in tanks due to aerodynamic heating of 
structure and equipment during reentry. 
A fail- safe or redundant system design philosophy should be used for 
guidance and navigation systems in a manner consistent with mission objec-
tives. 
The design of the integrated system will ensure that instrumentation 
components cannot introduce hazards such as noise, vibration" sparks, 
contamination, incompatible materials, etc. into the end item. 
Life support and recovery aid s shall be provided to the crew and 
passengers while awaiting recovery in case of an aborted launch or emer..;. 
gency landing. 
Life support provisions shall be provided for survival of the crew and 
passengers in olt'bit, until rescue. 
The vehicle atmosphere and total pressure shall be the same as the 
Space Station during the transfer of personnel when the vehicles are docked. 
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Fire detection systems will be provided in vehicle areas such as 
engine compartments where fire potential exists. 
Overheat detection systems will be provided in areas where potential 
exists for overheating critical structure or equipment. 
Mission abort will have a major impact upon designing for crew safety, 
and as indicated in Volume III of this report, a more comprehensive analysis 
of failure requiring abort is necessary. 
From the safety aspect, provision for rapid egress of crew and 
passengers in the event of a launch pad emergency is an important consid-
eration. 
Personnel evacuation would fall into two general catagories; immediate 
and deferred. The more obvious hazardous launch pad anomalie s include 
fire and catastrophic rocket engine explosion during ignition. 
The reaction time required in case of the latter event is too short to 
allow escape. However, while up to 35 percent or more of rocket engine 
failures occur during the first few seconds of ign.ition, the catastrophic type 
is rare. Because of the low incidence of this type of failure and the prac-
tically instantaneous reaction time required, it may bt::; clas sed as a non-
re solvable risk. 
The possible anomalies which could require a deferred egress will be 
the subject of additional study. The design ramifications involved in pro-
viding adequate and rapid egress for up to 12 personnel impose considerable 
penalty, and, when correlated with the possible events requiring rapid 
evacuation could well result in a decision that the hazards involved consti-
tute an acceptable risk. 
Dumping or burning as a means of expelling propellants must be 
provided for early aborts to reduce the vehicle weights for landing gear 
strength; and passivating the internal volume with an inert gas would help 
to prevent fires and explosions on rough landing. 
9. 6. 2 Potential Failure Modes 
A preliminary failure analysis was performed to identify potential 
system failures and their impact on mission success and crew safety and 
also the approaches to preventing crew injury. (See Table 9. 6-1. ) 
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Table 9.6-1. Major (Mission) Potential Failure Modes - Orbiter and Booster 
Subsystem Major Failure Mode 
Primary Load Carrying Structure Rapid booster or orbiter failure 
Wings/Booster Body/ 
Engine Thrust Structure Delayed booster structural failure 
Landing Gear Failure to deploy and structural or 
mechanical failure 
Thermal Protection Excessive temperatures, insulation 
flaw or major failure 
Propulsion (Rocket) . Single engine failure 
2 Booster engine failures 
2 Orbiter engine failures 
Tanks (Rocket Fuel) Major booster structural failure 
Major orbiter structural failure 
Prop Distr (Rocket Fuel) Failure of component hardware 
(valves, regulators, etc) 
Propulsion (Turbojet) Single booster engine failure 
Four booster engine failure 
Single orbiter engine failure 
Two failure 
Four engine failure 
Tanks (Turbojet fuel) Structural failure 
Prop Distr (Turbojet Fuel) Failure of component hardware 
Flight Controls Electronic/ Actuation 
Structure 
Reaction Controls Failure of thruster 
Failure of number of thrusters 
.. 
Electrical Powe,r Single failure of powe r generating 
capability (fuel cells, batteries) 
--------- -
,-- .--
Avionics Single electronic failures 
Two failures 
Envirf)nmental Control F::lectronic/ Mechanical failure 
L--. 
Effect 
Mission failure and potential loss 
of crew/passenger 
Mission termination 
Loss of system 
Material ablates; booster 1055 
terminate mission; Orbiter 
results in crew hazard 
Complete mission 
Terminate mission, possible 
water landing 
Terminate mission, possible 
crew hazard 
Loss of propellant, terminate 
mission 
Design with adequate margin 
Loss of propellant supply 
Mission/crew hazard 
Complete mis sion 
Loss of vehicle 
Complete mission 
Immediate landing 
Emergency landing 
Loss of fuel - possible 
emergency landing 
Loss of fuel, possible 
emergency landing 
Complete mission 
Mission Failure/Crew Hazard 
Con1plete mis sion 
Crew Hazard -
Complete nlis sion 
--
Conlplete nlis si0n 
Premature nlission termination 
Crew Hazard 
Design/Program Approach 
Provide adequate design margin 
for all environments. 
Abort with orbiter; Burn 
propellants 
Provide design margin 
Design for ablation and rr.ax 
backup 
Abort with orbiter, design with 
margin 
Design to complete mission 
Ahort with orbiter 
Provide means of limiting 
environment 
Abort with orbiter if tirr.e 
adequate 
Design to prevent failure 
Provide redundancy 
Provide redundancy 
Provide redundancy 
Design margin and redundancy 
Design margin and redundancy 
Actuator and Elect redundaI1.~'i 
Structure design nlargin 
Redundancy 
Design l\,Iargin 
Provide redundancy 
Redundancy 
Design for crew safety 
-- -
Redundancy 
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9.6.3 Approximation Apportionment - Mission Success 
To provide a reliability goal for each major subsystem that also 
provides a first approximation basis for potential design tradeoffs, the 
following rationale and methodology was utilized. The mission reliability 
requirement of 0.95 was subdivided among fifteen projected major sub-
systems to provide a reliability goal that would meet the mis sion require-
ment goal. Assuming that the projected subsystems are not equally 
unreliable, a weighting factor method was utilized for the first approximation 
apportionment. This ITlethod orients the apportionment towards the func-
tional mission requirements for the subsystem and considers the relative 
importance of factors such as criticality, complexity, and state-of-the-art 
engineering progres s. 
For criticality, subsystems with the most severe requirements is 
rated 1, the least severe 10. Other subsystems are rated between 1 and 10. 
For complexity and state-of-the-art factors, the rating is done in reverse, 
i. e., subsystem with the most severe requirement is rated 10, the least 
severe is rated 1, etc. Table 9.6-2 depicts this ranking by mission phase. 
The sum of the weighting factors are used to distribute the subsystem 
unreliability requirement proportionately among each subsystem or function. 
Tables 9. 6-3 and 9.6-4 summarize the reliability apportionments by 
subsystem for the orbiter and booster respectively. 
The effect of these rating methods is to allow relatively more unrelia-
bility in complex subsystems operating under severe environments and 
relatively less unreliability in subsystems considered most critical. 
Weighting Factor Determination and Assumptions 
Mission Time Requirer.a.1.ents 
Active 7 days 
Quiescent 30 days 
Relia~2Jity Requirement~ 
Mission 0.95 
Crew Safety 0.999 
0.95 
9-205 
• 
SD69-573-5 
til 
tJ 
0' 
-.0 
I 
Ut 
, -.J 
W 
, I 
In'. 
'" I 
N 
o 
0' 
.. " .~; , 
'11,i.IIl,,'ij qli:"'~i')~I·i' ••• siti)~"lt i~~,~-~~~;;,;;~~;~~~~~ :""I~~:':::'d"""~~~;'""':"""""~lC--',_,_~_~J',_",,,,-~:, ... _ ~. ~ ~i 
Table 9. 6-2. Weighting Factors (Kw) 
Phase ( 0 ) Criticality Com.plexity State-oi-Art 
-
Launch (BI + SCI) 1 7 8 
Staging (BIl + SCU) 3 8 7 
Ascent (SCIllA) 7 5 2 
Descent (BUlB) 5 7 5 
Onorbit (SC1y) 10 2 1 
Deorbit (SC y ) 1 10 10 
Total 
~.,-~.,., """i-)'A$ I 1 Ill" t ,~~ .. __ ~ ~)#f~";"" Cii4kJ9+~~~m:rvt:f;-";t~""'~~"'''''~114~<'W-:-~~~fIf'y,~:-::>'~·''':o-<~<':-;~,,,t'". ."'I"!bW ........ nv.e'fWiMr!!<tPI:.~~"';":":.~~~:-.. ~-:-~""~,~~:~:·--~~~~~·7~-:' 
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Total 
16 
18 
14 
17 
13 
21 
1 99 
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Table 9~ 6-3. Orbiter Subsystem Reliability Apportionment Sumrn.ary 
Spacecraft 
Subsystem. Phase I Phase II Phase III Phase IV Phase V 
1. Structure 0.999760 0.999784 0.999630 0.999672 I 0.999389 
2. Landing Gear 0.999639 0.999603 0.999383 0.999453 0.999593 
3. I Thermal Protection 0.999616 0.999472 0.999179 0.999275 0.998912 
4. . Propulsion (Rocket) 0.999759 . o. 999735 0.999588 0.999308 0.998708 
5. Tanks (Rocket Fuel) 0.999832 0.999815 0.999713 0.999745 0.999526 
6. Prop Distr (Rocket Fuel) 0.999832 0.999815 0.999713 0.999745 0.998912 
7. Propulsion (Turbojet) 0.999592 0.999552 0.999303 0.999381 0.999459 
8. Tanks (Turbojet Fuel) 0.999856 0 .. 999842 0.999754 0.999782 0.999593 
9. Prop Distr (Turbojet F~el) 0.999568 0.999527 0.999264 0.999344 0.999389 
10. Atmo s Flight Controls 0.999614 0.999577 0.999432 0.999416 0.999526 
1 ' , 
.1. Stabilization Controls 0.999760 0.999784 0.999630 0.999672 0.999772 
12. Reaction Controls 0.999880 0.999868 0.999794 0.999818 . 0.999661 
13. Electrical Power 0.999759 0.999735 0.999588 0.999636 0.999321 
14. Avionics 0.999687 0.999655 0.999463 0.999526 0.999117 
15. Environmental Control. 0.999759 o. 999735 0.999588 o. 9<)9636 0.999321 
Totals 0.995919 0.995:504 0.993043 0.993429 0.989252 
,~~ .. ~_ '"><f'I"~"." ...... _"._0',.--.-.. ~ .• ~,.,~ '"","":".~,.,. '~'~-'''' ,,-...... ~,~ ... , _ ..... ~--· __ ."·_~n~ __ ""_-<"T" __ ". __ ' •• _.~_~_, ____ ~ ___ , ..... ~ __ ., .... ., 
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Sum.:m.ary 
0,,998236 
0.997673 
0.996459 
0.997101 
0.998636 
0.998023 
0.997289 
0.998827 
0.997095 
0.997567 
0.998618 
0.999021 
0.998039 
0.997450 
0.998039 
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Table 9. 6-4. Booster Subsystem Reliability Apportionment Summary 
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12. 
13. 
14. 
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Subsystem Phase I 
Structure 0.999739 
Landing Gear 0.999644 
Thermal Protection 0.999621 
Propulsion (Rocket) 0.999762 
Tanks (Rocket Fuel) 0.999762 
Prop Distr (Rocket Fuel) 0.999762 
Propulsion (Turbojet) 0.999597 
Tanks (Turbojet Fuel) 0.999859 
Prop Distr (Turbojet Fuel) 0.999527 
Afmos Flight Controls 0.999621 
Stabilization Controls 0.999762 
Reaction Control:s 0.999882 
. 
Electrical Power 0.999859 
Avionics 0.999692 
Environmental Control 0.999834 
Totals 0.995931 
------- ---
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Booster 
Phase II Phase III Phase IV Phase V Summary 
04999707 0.999362 0.998808 
0.999601 0.999652 0.998897 
0.999574 0.999071 0.998267 
. 
0.999734 0.998897 I o. 998396 
0.999734 0.999419 0.998915 
0.999734 0.999187 0.998683 
o. 999548 JJ5. 999535 0.998680 
0.999841 0.999652 0.999352 
0.999495 0.999419 0.998442 
0.999574 0.999594 0.998789 
0.999734 0.999419 0.998915 
0.999867 0.999710 0.999459 
0.999841 0.999652 0.999352 
0.999654 0.999246 0.998592 
0.999814 0.999594 0.999242 
I 
0.995462 0.991442 0.9829255 
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where 
Ranking Definition 
----=----~ . .,-;..~( .. 
Criticality - Effect of failure 
-~---..;. 
1 == Mo st Critical 
10 == Least Critical 
State-of-the-Art - Engineering Design Requirements 
1 == Lea st Seve re 
10 == Most Severe 
Complexity - Intricacy of function and quar.Ltity of parts 
ILRV Mission Phases 
PHASE I 
PHASE II 
PHASE III-A 
PHASE III··B 
B-1 
B-2 
PHASE IV 
IV-l 
IV",,2 
• 
1 == Least Severe 
10 == Most Severe 
Launch Booster (BI, ) Spacecraft (SCI) 
Staging Booster (B II), Spacecraft (SCII) 
Ascent Spacecraft (SC ) 
. III 
Descent Booster (BIll) 
Atm, ospheric Flight and Landing (B I 1) 
• II -
Post-landing Operations 
Rendezvous and Docking (SC IV) 
Quiescent Storage (SCIV -1) 
Separation From Space Station 
9-209 
SD 69-573-5 
.':J 
j 
., 
; ~ , 
. ..~ 
· . 0 
i 
,i 
'f ~ ~ 
i 
· Jfi 
-. 
· , 
I 
• 
PHASE V 
V-I 
V-2 
V-3 
? Space Division ~ ~ North American Rockwell 
Deorbit Delta V (SC NV) 
Reentry, 400 K to 40 K (SC
V
_ l ) 
Atmospheric Flight and Landing (SC V -2) 
Post-landing Operations (SC
V 
_ 3) 
9. 6.4 Reliability Program Planning 
This preliminary Reliability Program Plan outlines the procedures to 
be followed by the Space Division in conducting a comprehensive prograrn 
which will meet reliability requirements for the ILRV development program. 
It provideR the framework of the Reliability Program Plan to be submitted 
in compliance with contractural requiremeflt.s and with the requirements of 
NPC 250-1. The Space Division maintains a staff of qualified specialists in 
reliability, materials, safety practices, and components specification 
analysis and evaluation. Standard practices technical manuals are developed 
and ma.intained as an authoritative source of up-to-date data for use by desigu 
groups il'l the selection and application of parts, components, and materials'. 
Since design reviews are recognized as a major tool in the implementation 
of a sound reliability program, internal policy directives and procedures 
have been established to standardize the design review procedures. 
The proposed reliability program integrate s the detailed reliability 
efforts with other program plans (e. g., operations plan, development plan, 
maintainability program plan, etc) and appropriate program milestones to 
meet design, development, and produ~;tion requirements. The proposed 
program emphasizes preventive Tather than curative measures to achieve 
the reliability requirelnents of the ILRV system. Program reliability tasks 
and procedure s are outlined below. 
Program Reliability Management - Prepares and maintains reliability 
program plan. Prepares reliability program plan for production phase. 
Monitors and controls reliability program. E'3tablishes and maintains 
liaison with subcontractors and suppliers on reliability requirements. 
Performs periodic audits of the program reliability function. Coor-
dinates with customer reliability personnel to establish content and 
timing of reliability reviews. Prepare s and submits reliability 
reports (math models, data, reports, and qualified item lists). 
Reliability Design Analysis - Provides timelines to define operating 
time and environmental phases. Develops reliability logic diagrams. 
Conducts failure mode, effects, and criticality analyses to define high 
probability failure areas or other potential reliability problems. 
Provide s recommendations for feasible methods of eliminating or 
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minimizing problem areas. Conducts periodic reviews up through 
100 percent design drawing release. Supports forInal design reviews. 
Analyzes interfacing systems and determine effect on systCIn reliability. 
Test Plan Monitoring and Reporting - Develops reliability qualification 
te at requiremel1ts reflecting anticipated system environmental stre s se s. 
Supports preparation and review of te st specifications and procedures. 
PerforIns reliability assessments for specified parts and materials 
based on available data, and deterInines additional test requirements 
nece s sary for completion of qualification and acc:eptance. 
Specification Support - Provides reliability data for inclusion into 
design» interface, and procurement specifications. Provides sub-
contractor and supplier reliability and documentation requirements 
for these specifications. Assists in subcontractor and supplier 
evaluation and, subsequently, monitors conformance to awarded 
contract requirements. 
Failure Analysis and Reporting - Perform failure analysis (with 
corrective action follow-up) on all equipment reported failed during 
de sign, development and te st. Document all failure s and advise the 
customer of effect on system reliability and operation. 
Reliability Design Review - Establishes periodic reliability design 
reviews. Determines that reliability assessments and apportionments 
are in accordance with the latest information available. Determines 
the need for updating design review reports. 
Environ.mental Criteria Determination - Establishe s environments to 
be considered for the ILRV test program and determine applicability 
of these levels to assure that all requirements are included in the 
specifications. 
Qualification Verification and Reporting - Establishes and maintains 
a qualification status list. Establishes verification of qualification 
status. Prepares and submit qualification status reports. 
Parts and Materials - Provide s support in evaluation and selection of 
parts and Inaterials for "make" items. Prepares technical and 
reliability inputs for parts and Inaterials procuremen.t specifications. 
Establishe s and maintains a list of qualified parts, including appro-
priate application information. 
Reliability Training - Extend s the reliability indoctrination and training 
program developed in support of the Saturn S-II and Apollo programs. 
Both technical and motivational course Inaterial is available. 
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9. 6. 5 Safety Program Planning 
This safety program plan outlines the procedures to be followed by the 
Space Division in conducting a comprehensive safety program for achieving 
the requirements prescribed in the integral launch and ree?try vehicle system 
program. It provides the frarrlework for the safety plan to be submitted in 
compliance with the data requ.irements section of the contract. It identifies 
the safety principles, tasks, rnethoaologies, and provides for the coordina-
tion effort of inte rfacing with other ILRV program discipline s. 
This plan is oriented toward vehicle systems, aSE, facilitie sand crew 
safety, site and industrial safety, and aviation and public safety that is 
relevant to the de sign, develc>pmen.t, production, checkout and operation and 
reuse of the ILRV system. 
The safety program integrates the detailed safety efforts with other 
program plans (e. g., engine1ering J1 manufaturing, test operations, facilities, 
logistic s, reliability, etc) .and appropriate program mile stones to meet the 
contractural design, developJ:'nent, and production requirements. 
;// 
r 
The ILRV Safety Progr,a.nl Plan will be the primary control document 
for assuring proper and satisfactory implenlentation of the methods designed 
to accolnplish the system safety objectives. It describes the philosophy, 
organization, controls, analytical techniques, and reporting requirements 
to be used by the Space Division in performance of the safety functions 
delineated in the custorner contractural documents. Program control will 
be as sisted by the delineation of specific project safety tasks and measured 
at appropriate milestones to provide timely visibility into the progress and 
effectivene s s of the safety program effort. 
The ILRV Safety Program will ensure compatibility with applicable 
requirements of NHB 1700. 1 Uland NPD 1701. 1 and compliance with the 
applicable requirements in the following documents and other publications 
as specified in the ,.s;~?ntract. 
AFETRM 127-1. Eastern Test Range Safety Manual 
AFWTRM 127-1 Western Test Range Safety Manual 
AFM 127-100 Explosives Safety Manual 
AFA 160-39 The Handling and Storage of Liquid Propellants 
The ILRV Safety Program is in accordance with the Space Division 
Safety Plan (SD 67-1191), and will utilize applicable criteria and require-
ments in the SD Design and Operation Safety Standards Manuals. 
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A system 9afety engineer will be as signed to the prog:ram who will 
report directly to and act as the Program. Manager's Assistant for Safety~ 
The Assistant for Safety will be supported by engineers from the functional 
areas - Engineering, Manufacturing, Logistics, Test Operations, Facilities -
who will be re sponsible. for the safety ta sks related to their re spective 
functions and the se engineers will act as the responsible system safety 
engineers in their respective functional areas. 
The initial safety task will be to update or revise the preliminary 
safety plan in accordance with contractural changes and agreements. Initial 
safety criteria and requirements and guidelines will be taken from the 
applicable documents, published, and disseminated as early as possible in 
the program. A preliminary hazard analysis (FHA) will be conducted 
utilizing functional flow diagra~s, engineering documentation such as 
schematic diagrams, etc, as they are developed for the purpose of identifying 
and clas sifying hazards and safety critical functions related to systems, 
facilities, operations, and processes. Hazards will be classified in accord-
ance with the NASA Hazard Classification System. Safety criteria and 
requirements will be established and in~oJ:'porated in the appropriate require-
ments 'sheets for vehicle systems, GSEi and facilities. The'se safety crit.eri~ 
and requirements will be developed in terms of requirements for eq'uipment 
design, facilities, personnel and training equipnlent, and procedural data. 
Schematic block diagrams and preliminary d~ffi.wings will be analyzed for 
hazards as they are developed, and additional safety criteria and require-
ments will be incorporated in requirements and design sheets. System 
safety will participate in trade studies to evaluate and recom.mend desirable 
concepts and configurations based on the established safety criteria/require-
ments. A hazardous effects analysis, based on the reliability FMEA, will 
be accomplished to identify gros s single point fa.ilure modes which pre sent 
critical or catastrophic type hazards. The results will be used to expand 
the PHA and to develop additional safety criteria and requirements~ As the 
final configurations, concepts, and mission profiles are selected, the PHA 
is updated as the final analysis. Throughout all program phases, system 
safety will participate in fornlal reviews and maintain constant surveillance 
to as sure that safety criteria and requirements are adequately incorporated 
in the controlling documents such as de sign, maintenance, and facility 
interface sheets, and that they are properly translated into specifications. 
9. 6. b System Safety Functions - Phase D 
Initially, the Safety Program Plan, as well as safety inputs' in system, 
CEI; and procuremen4; specifications, are revised to refie.ct contractual 
changes in the technicctl baseline requirements. As detail design progresses, 
the following hazard analyses will be conducted in the functional areas 
indicated under the guidance of the responsible system safety engineer: 
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System, sub system and System and de sign 
component hazard analysis engineering 
Manufacturing hazard analysis Manufacturing engineering 
Test operation hazard analysis Test engineering 
Facilities hazard analysis - Facilities engineering 
In addition, hazardous effects analysis ge:lerated during the Phase B 
will be revised and updated as the Reliability FIvfEA is expanded to incorpo-
rate d,etail design characteristics. 
, Safety criteria and requirements corresponding to hazards identified 
in these analyses are generated and requirements sheets, design sheets, 
and specifications are updated accordingly. 
System safety will provide follow-up action and maintain status records 
of corrective action requirements for each of the functional areas. The 
system safety engineers will participate in trade studies and will select 
de signs and con£igura~ions by means of weighted evaluation of safety charac-
teristics. System safety will participate in formal reviews (PDR, CDR, 
FACI, etc) and conduct periodic safety audits to ensure program incorpo-
ration of safety requirements and implementation of the safety program. 
System safety will ensure implementation of safety in all areas of 
program operations as follows: 
Monitor de sign progre s s to ensure that range safety 
requirements are incorporated and data requirements 
are provided. 
Review all te st and checkout procedures for potential 
hazards and provide safety requirements for insertion 
within the text. 
Monitor all site activation operations for imple-
mentation of safety requirements. 
Review all test setups and monitor activities for 
all safety critical tests. 
The Safety program will provide facilities and equipment with which 
company products can be manufactured, handled, stored, and te sted without 
jeopardizing the safety of personnel, facilities or products. 
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A system safety program report will be produced which summarizes 
the various hazard analyses, safety requirements, and corrective actions 
to provide a complete safety analysis of the final system design, missions, 
and operations. 
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9. 7 SCHEDULE AND COST 
This section of the report presents the ILR V system schedule and cost. 
The schedule integrates the individual schedules of engineering and test and 
manufacturing of test and production hardware. The schedule is predicated 
on the configuration of the vehicles, their subsystems, the facilities, and 
the test program defined in the previous sections of this report. 
Summary costs only are shown in this section. A separate appendix 
to this volume presents the costing technique and detail costs in accordance 
with NASA format and the work breakdown structure of the NASA specification. 
It presents the cumulative costs, annual costs, and cost effectiveness. 
9. 7. 1 Schedule 
The approach used to develop the ILRV schedule was as follows: 
(1) ?lnalyze design data and translate system requirements into development 
requirements, and (2) utilize the development requirements to prepare 
development support documents and the program development schedule. 
The following step-by-step discussion defines the approach. 
1. A thorough analysis o~ the design and operations was performed. 
2. A preliminary hardware tree was prepared describing the ILRV 
base-line orbiter and booster vehicles to enSUre that elements and 
subsystems components were considered for development analysis. 
3. Development objectives were ~stablished for the total ILR V Pro-
gram and each of the major elements covered in the system des-.. 
cription. These included: desired program milestones with 
estimated time spans, criteria governing hardware, facilities, 
and development interfaces with the Space Station Program. 
4. The degree of development required for each significant and/or 
critical system element in terms of technologies was analyzed 
and evaluated. Current technologies were used in. all development 
considerations; and when advanced technologies' were identified, 
they were examined in depth to pinpoint critical developments, 
especially when they would have significant effects on extending 
the operational readiness data beyond an attractive time span . 
• 
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Ground Rules and Assumptions 
Specific ground rules and planning guidelines were established. to 
maintain a program base-line and frame of reference in the preparation of 
the program development schedule. Selected guidelines and key assumptions 
are as follows: 
1. An II-month Phase B - Definition Study is used with the assump-
tion that the proposal for Phase C - Design will be submitted 
three m.onths prior to the completion of the Phase B study. 
2. Phase C - Design is assumed to require 12 months, followed with 
the immediate start of Phase D - Development/Operations. Here 
again, it is assumed that the proposal input for Phase D will be 
submitted to the customer three morlths prior to completion of 
Phase C. 
3. Current North American Rockwell facilities and nearby Government 
installations will be utilized to the maximum, with requirements 
for facilities and equipment kept to the minimum. 
4. Time spans used in the program development schedule for manu-
facture and test functions are those developed during the current 
study. These time spans wUl be analyzed and reevaluated during 
Phase B and Phase C studies. 
5. Launches will be from Kennedy Space Center. 
6. An early ILR V initial operational capability (IOC) date is desirable. 
7. The program development schedule is based on the production of 
ten operational boosters and orbiters. 
8. Manufacturing production rate used in the program development 
schedule is to start a booster or orbiter at three-month intervals. 
This start rate was determined by the ILR V Manufacturing Study 
Group and is applicable to both test and operational boosters and 
orbiters. 
Discussion 
The program development schedule, showing the major milestones and 
program requirements, was developed in coordination with Engineering, 
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Testing, Manufacturing, and other functional support groups. It is the 
governing schedule from which all other schedules and schedule information 
are derived and developed. While the program developlnent schedule desig-
nates the desirl3d delivery of test vehicles and operational vehicles, it does 
not portray precise Manufacturing, Testing, and other functional groups' 
milestones. Detail schedules for each of the major functional groups are 
found in the respective areas of the report. 
The over-all scheduled time span shown on the program development 
schedule, (Figure 9.7. 1) from the start of Phase B to the roc of the first 
operational vehicles is 88 months. The 88-month time span breaks down 
into the following program phases: An II-month Phase B study, a 12-month 
Phase C study, and 65 months of development time during Phase D. 
Extensiv'e use of the principle of concurrency is reflected throughout 
the program development schedule, i. e., main engine development progra.m, 
long-lead procurement, early material testing, prompt initiation of fabrica-
tion of test articles, overlapping of testing, . and an early fa·~"l1ity availability 
program. Major. program pacing factors are rocket engine development and 
flight test accomplishments. The development schedule shows the acceler-
ated rockE.~t engine development program to commence at the start of Phase B. 
Based on schedule information received from the engine developer, a 
42-mollth development time is required prior to the rocket engine preflight 
rating test (PFR T), and an additional 15 months will be required prior to the 
rocket engine qualification. The recommended start date shown on the 
development schedule for the rocket engine development program will pro-
vide qualified rocket engines for installation in the first booster and orbiter 
vertical flight test vehicles. 
The first half of the II-month Phase B study will be devoted to technical 
analysis for different shuttle configurations. The second half of the study 
will be spent on design evaluation and definition of the selected configuration. 
Major program outputs during the Phase B study will include: (1) identifica-
tion and definition of system requirelnents, (2) preliminary design of the 
elements of the system, (3)" prelhninary specifications, ,(4) preliminary 
management and technical plans, (5) preliminary program schedules and 
cost estimates for program Phases C and D. The program development 
schedule shows the submission of Phase C proposal to the customer three 
months prior to the completion of Phase B study. Early evaluation and 
decision on the Phase C proposals by the customer will result in a continuous 
and uninterrupted program effort from the definition to the des,ign phases. 
A 12-month Phase C design study is scheduled to commence immediately 
following the completion of the definition study. Again the schedule depicts' 
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an early submission of the Phase D proposal to the customer for evaluation. 
and decision so as to provide an uni.nterrupted program effort frOln program 
Phases C to D. Preliminary design revise (PDR) is scheduled three months 
before completion of the design phase. Other major program activities • 
scheduled during the Phase C time span include: initiate procuren'lent of long 
lead items, accelerated Manufacturing Programming /Engineering effort and 
the initiation of a early material testing program. Major program outputs 
during the denign phase include: Preliminary design, updated management 
and technical plans, CEI-Part I Specifications, detailed schedules, and 
program cost for Phase D . 
The program development schedule depi.cts the major milestones for 
each of the major program functional groups during the development/ 
operational phase. Program and technical plans will be updated and imple-
mented e,arly after Phase D go-ahead. Program management will in'lplement 
the schedule, cost, and performance functions. Detail design effort will 
commence at the start of Phase D, with the critical design review (CDR) 
scheduled nime months later. Eighty percent of the detail drawing arle 
scheduled for release at this period in the program. The remaining 20 per-
cent of the design drawings are scheduled for release to support the com-
o pletion of the first orbiter and booster flight test vehicles as shown on the 
development schedule. CEI-Part II Specification,s are scheduled for comple .... 
tion approximately seven months after CDR. 
A review of the major manufacturing milestones shown on the progrf.,rn 
development schedule indicates adequate tooling will be available to commence 
detail fabrication for the first booster flight test vehicle approxi~ately 
sbc months afte:t: the start of the development/operation phase. The optimum 
manufacturing production rate to support an early IOC date is the start of 
boosters or orbiters at three-month intervals. This production rate would 
be applicable to test vehicles and operational boosters and orbiters. Manu-
facturing time spans shown en the schedule vary from 22 months for the 
booster and orbiter-static /dynamic test vehicles to 27 months for the first 
operational booster and orbiter. A breakdown of the detail manufactu.ring 
processes and the detail manufacturing schedules are found in the 
manufacturing plal1. 
The ILR V test program as shown on the program development schedule 
would commence with the testing of subsystem test articles and complete 
after the successful completion of several mated vertical test launches. The 
testing program covers a span of 62 months. The sequence of major tests 
is as follows: subsystem test articles tests, structural tests, horizontal 
flight tests, static/dynamic tests, individual booster and orbit~r test flights 
and mated vertical test launches. Detail test procedures and schedules are 
found in the ILR V deyelopment test plan. '" 
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The program development schedule shows activity bars along with some 
of the key milestones for facilities, gronud support equipment (GSE) and 
logistic functions. Facilities milestonE,e' ·indicate when manufacturing and 
operational launch faciHHes will be available. GSE milestones i~dicate the 
approximate GSE critical design review time period along with the start of 
GSE test program and when operational GSE will be required. The logistic 
functional milestones indicate when development phase testing equiprnent 
and operational phase training equipment would be available. 
An evaluation of the overall ILR V program development schedule 
indicates the schedule is optimistic in the sense that concurrency is reflected 
throughout the program. In addition, the program phases are assumed to 
flow directly from Phase B to Phase C to Phase D without significant time 
lags for customer decisions. Minimum time slack has been allowed for 
unforeseeable program delays or test failures. However, time allocations 
and phasing for various activities and milestones are considered realizable, 
and were fixed after consultation with preliminary structure and subsystem 
design engineers, te st operation engineers, manufacturing and facility 
engineers and logistic personnel. 
ILR V Hardware Tree 
The preliminary hardware tree shown in Figure 9.7·.2 describes the 
ILRV base-line orbiter and booster. The primary function of the hardware 
tree is to provide a means of recording the results of system engineering 
analyses as they lead to identification of hardware requirements, to improve 
program visibility. The orbiter and booster hardware tree presents a 
structural breakdown of the ILRV flight hardware into systems, subsystems, 
and components. It provides a visual presentation of the ILR V hardware 
requirements and the relations among them. This ILR V hardware tree has 
been used as a basis for broad program planning, schedule preparation, and 
cost estimating. 
ILRV Program Work Breakdown Structure 
The ILRV program work breakdo'\'ln structure is shown in Figure 9.7-3. 
This work breakdown structure is aligned to the generic work breakdown 
structure found in NASA-Office of Advanced Ma.nned Missions - Specification 
For The Presentation of Cost and Schedule Plans For New Space Projects -
Phase A (PF) dated January 30, 1969. The work breakdown structure has 
been broken down to the fifth level and inc1udt~s V(BS identification numbers. 
This docwnent sets forth the format to be followed during the Phase A Study 
for costing the ILR V p1rogram. 
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Conclusions 
1. An IOC date in 1977 is realizable if program delays are minimal. 
2. There is a degree of development risk due to: 
a. Rocket engine development 
b. Test program,failures 
c. Material technology sEppages 
d. Delays in customer decisions 
Recommendations 
1. Early start on engine development program 
2. Accelerated material development program 
3. Early start of Phase B definition study 
Summary 
The program development schedule is applicable to the base-line 
design concept configured to deliver 50, OOO-pound payload. Major program 
phasing depicted on the schedule includes an II-month PhaseB study. During 
this period technical analysis, design tasks, and program planning are per-
formed which are appropriate to the preparation for a major ILR V system 
development effort. Phase B is followed by a one-year Phase C period during 
which preliminary design is finalized and the hardware activities defined. 
The schedule indicates that it is necessary to initiate the roclcet engine 
development program at the start of Phase B. The ILR V test program 
includes: booster and orbiter structure test elements, boostJr and orbiter 
static /dynamic test vehicles, and two sets of booster and orbiter flight test 
vehicles. Testing will progress from structural to static/dymalnic ,to 
horizontal takeoff modes an'd progressively duplicate the various operational 
requirements. The ILRV system will be qualified by the second booster and 
orbiter flight test vehicles which include vertical takeoff tests, lfirst individ-
ually and later in mated combination. The Manufacturing Programming/ 
Engineering effort rnust be initiated during Phase C. Detail tool design will 
start ii:nm~diately after Phase D go-ahead to, allow tooling to b~ available for 
the early fabrication of development test articles and vehicles which are 
indicated on the schedule:s. 
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The pacing factors are engine development and flight test accomplish-
ment. The development schedule shows the rocket engine development 
program to commence at the start of Phase B. Ba,sed on schedule informa-
tion received from the engine developer, 42 months, de\relopment time is 
required prior to the rocket engine preflight rating test, and an additional 
15 months will be required prior to rocket engine qualification. The recom-
mended engine start date will provide qualified rocket engines for installation 
in the first booster and orbiter flight test vehicles. The flight test program 
depends on availability of test hardware, which is determined by completion 
of design, tooling, availability of material, and manufacturing. These are 
scheduled as early as practicable after the hardware go-ahead, whi.ch is the 
beginning of Phase D. 
Other milestones and activities are indicated on the program develop-
ment schedule in Figure 9. 7 -4 and are phased to be consistent with the 
projected development program and IOC date. 
Figure 9.7-5 is an estimate of the manpower requirements for the 
ILR V Program as a function of calendar years based on the assumption of 
immediate go-ahead. 
9.7.2 Cost 
The technique of estimating costs, the display of cost forms, and the 
accumulation of costs for the ILRV program are contained in the appendix 
to this Volume. The summary of those costs' are discussed herein. The 
costs presented in this section do not include: 
1. The costs associated with the cargo and its containers. 
2. The costs of NASA technical direction of the ILR V program. 
3. The costs of operating and maintaining NASA ground control, 
tracking, and communications network (or satellites in support). 
4. The costs associated with possible delays and system changes . 
These costs were not included because they were either unknown or the 
percentage writeoff against ILRV was unknown. It was felt that these costs 
could be accounted for by NASA. 
The research, development, test, and evaluation costs for the ILR V 
are, of course , independent of the investment (production) and operations 
and were estimated at slightly over $7 billion. This estimate did assume a' 
great deal of commonality (e. g., rocket engine is basically common to both 
vehicles) that could be attained by a single contractor. 
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The investment (production) and operations costs are dependent upon 
the particular program: ten years of operation at 30, 40, or 50 flights per 
year. 
These costs are best illustrated in Figure 9.7.·6 for those three 
programs. The bars show the RDT&E, investment, operations, and total 
program costs. 
Figure 9-7-7 shows total program cost versu.s 30~ 40, and 50 flights 
per year and as a function of the possible variation that might be expected 
from the data used in generating the cost estimating relationehips. The 
figures indicate that the costs might be 10 percent lower to 16 percent higher. 
Figure 9, 7 -8 shows the cumulative costs of programs (as defined) 
versus years after go-ahead. These costs are the "expected costs". 
Figure 9.7 -9 illustrates the annual funding requirements for only the 
50-flights per-year program. This program has the capability of delivering 
25 million pounds of cargo in that ten-year operational program. The figure 
shows the funding required for each phase (RDT&E, investment, and opera." 
tions) an<: the total. 
Figure 9.7-10 illustrates the cost per flight versus the flight rate and 
as a function of operations cost only ($2. 73 million based on 50 flights per 
year), operations plus investment cost ($6.26 million), and total program 
cost ($20. 3 million). As expected, the cost per flight based on the total 
program costs is quite sensitive to the flight rate of the program . 
Cost of delivering cargo in terms of dollars per pound of cargo 
delivered in orbit versuS the flight rate of the program, is presented in 
Figure 9.7-11. This curve is based on the assumption that each and every 
flight is cargo-loaded to its maximum capability. Figure 9. '7-12 shows the 
operational (only) cost per pound in orbit if each of those flights (based on 
50 flights per year) carried the indicated amount of cargo. The knee in this 
curve indicates that to be cost effective the vehicle should always carry 
more than 35 percent of its cargo capability. 
, 9-231 
f _______ -=-__ a. ________ .""--___________ ~ ___ _r.t""'f ........ L n ... ~ ~ _ 
I-
! 
I I, 
I 
I 
i 
! 
..0 
I 
N 
W 
N 
PROGRAM COST ~ B) 
10 
• 5 
o I • I 5 I " 
30 40 
FLIGHT PER YEAR 
50 
Figure 9.7-6. Cost Summary - IO-Year Program 
~ OPERATIONS 
~ I NVEST;v1ENT 
o DEVEl 
~ 
• zen 0" §t~ 
»(1 
~ C 
£" i-
:J 0-
:IJ~ 
i 
H-
m 
_,1 l-H- H· -
"+ 
l-~ IT 
Space Division 
North American Rockwell 
f r 
h- -
I *,~ f-t 
- 1-:-:-
f-H t+ 
.H · 
! t it" !-tH- -t-f I :-t-!"J t-;-t+i !-+ 
P-t- 1-1--'. j --! H -J:t- ~ U-I. H-
I TI t::'±c-1td:t ~ t=t± 
r+1+++ li-lt: ~-=-.;:;.riJ:i:l: I+f-
~h ~I~': 1 1-~'r ~ I" ~ I-!-H l-
. . 
Figur 9.7-7. Total Program Cost Estin'lates V ·!> sus Fli ght s Per Year 
9 -2 33 
-.0 
I 
N 
w 
~ 
I IID r'" tr-;-~l' ..rrrt l ;; r:- iTrl ;rtt :!1IL I_q a rrll tn t:tJ::"r:nr I ;j~ll rii ~~I~ll ' ~ !L~i ..... ' -j-1" I !lU I:: il:I:::ql: rlillU.: - , ' d [~: I ""I ~ -:-:::. ~ ::t;::~:::-. :--- "::::;::- E:?i=;=t'-~ , , ':'Lt , 1 : :- r " .1 r • t l-: I l to • .~ t· .. r "tt · t-t1-1- ". • .':- - " . - __ --- . ... iEr-F- lrtL' ·t ; .~ l ttJ · MftH.fFH++ r.- l ri+! - FFIFfi , 1 ' I'~ : ri'.I.l - ... ~.~.J:;l "'-1. ~l M "'~IO::-- '" ~ !" :l . ,- ~~ r-"'---'-'--~ .... H·~ ~,- ~- r~ l -r:tl4- i ·t:.tl ·lttt ~-"IFt! ri l.l-ttJIl- I-t: ! ~~!~ . ~ ltih il r;! ,!, lWI rl;Iti:L. ! tt! fr HJ~I;: :.~w 1:;': _: ::::. :~.~~ -r: """"'7: t7;:::- :l'!'!:1=~., !T .fiC . 11-1I. JI , H-t , :t! W; 'lr' ti fT!in .. r I  • f-H- r fiht ltifll I' In · tilt lb.: I ,11~~· . I "., Im+::±:d r·-rl-· .. ~ --.'~::r.:-; -
mt m,' in- $'. J 'ir1"' '~ ft!1 tI', ~ :ttl" t!~- ~Uj I H+ ~.l±tit 11m 'W. I if~n iii u:l-~ :;.! .L~ a;.t:! :::H j::Jt : i: ..... : L 1- • ~ ~. -:~ -.z -· I;:::::;:~ ~t Ho i 1 ~ . '. ITLfJ I . ~i ~l_ j t 1 t ; .. ,+++ I- t' l i r - rri H 't .. ·,:..:r~ t. ';+1-+ ., ITI dot· r' Il:±t·.±:;:;:· -8, I- ~l ; t r+t- t r -. 1~ft I. 1-' L. "!-ti t- + 't , t1, :+ ,. ,.~:+p -~ ---+-.- f--!-, ~ '--"-rr-r-T ,~ =- ::::::-~ 
~.:.: ::!tf =!i at :t . ~ I ~:!:; tJ :l:tli. tl t-;" lt :t t~H; rrl l~~ .:.1 [ I E~I+ ~ hhi rt:: It' t 4r t:::t; ~ ~'t ffi L' : r.- MT::t.- i: - Ft -'- -.:~: . :+: ~ :: :;::::.:±: t=:: - :or .. :~I==:=D 
' rIli '. ~rf I ;~~-f ' rr-li' f-.'.~41-r:;:rt :Jtr; -:.:!~ I--h t~I I #R- ~ H .::'~ '':4 -!4j IHt+ . : ;;...' :±rr ,w._ ~'.f Lr=-:.::.. -. - "~ ..... . ~ -~-+-hl 
·:,w'· : ~.. rmt ih- S~· rrt' $' if' ~ffl1li m:1-t h;Tntf m' fH -+: f+t w(+ I.. ,. ,.;..;.. - f-I+ . " ';":" l+t . T- I-~' *- '.,--'::~: ',," :- .-1 ... _~ 
' J ,. -r ':--1'" I . ~ • I ' rl .. . • , -t4~ ~,--. hh" ,- ~ .... ~ ...... --f r--· -. 11; :-.-
'1' .... '-,:" "t tl, ' ;-1+ ' I ~+ ~-..- ~.' .+-t- I '+H -, t-+-T -,~. - - --" ___ -
i+t-+ '"" ~~ 1-;:tj~::4J j ± ~':- i_TI r' t...J IT~ t-'-: :Ut!: tt .. 1A'LF-rf t +,-' --I, L±r::' :::tuW".:t I=l r:.r -"fI:,:q:;::::"":;: · It:-rr...r'' ~ -;ri: ~tt It:;; HIt :J.::: f:i!=:filf t=t!1·~tt ~ t;. ~rtrl at l' r:l,1 ~ __ 1 ' ;w ~ 1IF.~ E.!.~ :'itiJ-rtt h"2:s.=- -~;:: I ;.~ ::.... ~ .~ .. ~ '-" =.~ -
,+, ~ ' '''''''''-'-Ul Ic.L- _L rmrH'1!.~1f t .-!. 'm'"--! . ~ ~ I--",-;--",-, H I-,- - ~- ~ ............ ~ .• _= 1--- -~, ::: . ' 1:, h:tti-4 LLLLIi:u t~ Ii- ...:;""; i~i 1+ ;t~ liJI~ l t::.j .--" It-t :t- rrPJ.:::rh:: ' i1::r-:- I ~-=".~ ':.::"::::. 1=:- _ .. ::=1-:...,.:-. f:j: 1-+ ·:Pf:i;..jf1hlitl-"::¢ ;qi,-~ :;. ,-lor" f+ fH-jL fl.· .iIT_ +ti1fD-w-H~ H-J- .... ~L-..b:::t ...... _ I-- -r-- r- .-
. -,rn -. H. -t+1 j 1+.@f-··'·1·'· ~ >-- ~ ~ ......... i r +' ~ 'TI++ .J., - h-' -t,· l-:r' It 1+r!·Ht-~ ,.;, ." - .-- . - . .J.-L.-, -.- - - •• "'- 1-1 - -- '"= I=t. \1' '' ·r'·.tr.:._ I .... ,· TO" '-'- ' i :r ~ +;' -'i+ , ! ~rrr ,. '.l:l·:l~ , t:'~ 1"-"-: 11 --"'''''''' ~~. :=:.: -- - l::!:.-
.:;. r; I t';." ~-: I+F f-rl:! 1+1 ,~!L ,:± :::: +::;:41-'. M·n·- M-r: -,' If-!- Ir f;:t!:t:--if:h 1 . ~ht IN- ' -:..:.:; -::;::.r:;:::. -=::: .,_ ...... 
,r' - 1--'- f ".,. -:..:i I+t" FEm t I w.. ::!±i ¥IJ' ' ltitrfu.:; :r-:r:" i::t: ~ '~"t:± . ~:::r:::---"- t-tT- ,~-~ ;!:. r::;. ,.;:1:;.: '-m: ~;c~~r." _r:'.j.\=;.qf c±: ~ I T ~.i .r' ,..,':;.r::- , ~:l:± -'--:: ~ -"-,- E:=: -;::::; -- ' ... ..!' I±;--= .. :::.; 
rr+ -- ' "." ." ...... -' ''''T,- r-' -. r: -'-+-H h~ 4-n"':4+ t+ EJ;;I-" - 'IT ""-..... - -..... + rc~~-r..-- .-- .~ -M--' ---T 
m· I t tt-" -d r-~ '-ui L... . • ""':. mf~' ·" I+H-i i-t; · ·' .... -r rJl: -t ~mhgtfifi'·~ll-' iJ.-!t:H "" , " 1, r. -,...,...., h -' -_. -~ r' ~ r- I' 4 -,- 4- Lll .L.Ll.L +...;.; !II:' ± II cL • t '--~ . -Ii: I t+ Lt- Tfi-t .. -". r Ir=' -- . - j...~. ,; ~li tr:H:.t .;:..~ f:l:t-htl It 1 -l l ~-;:tt:-q:1i.:, I ~ i Tn.: t:1:, •. - II: ±t!t -i--' r' r$:. ~ .:-'~i-T--: ~:::~:.~ I±c --
lBt~"j :FH---t-' ffif~"T ~ t:~-T~'" ,-- ,. - " 1-' 7~' ,.- .:-r +;.. ... rr ....,.-+ ;;::~+-r-~ - -- f-- ~n: I;:':. ~::.t;" f++.11-h+ j; Cr:: .... ::.f 18:S +l' JI- I t:~ T ~Ij l.rt:t. j:- :-~H : ;:n; Ie: c'! -. T t-L.~ ,-'- -i+-"-' .:-. ~ ( I-'+' _. FT+h 1::;::::L HI" ,... CI'rlttt ' ~ ='1T"~ ItFrr _14-,' ,_1 .... · l fi ~' -f--··-~ 'T11+~~ • r---~ 
~ rrt.. .- t ~ J ~ I ~.:!i . t:!:;:.;+ frr -hr. . r. -:-h f-tl ~:' : ~~ ]~; t1f t+ ,+r+ - l- +rl+ p-j --:-- "'H ~~ .-~. -1#r1'::::::-r-t+ ~ -~ 
+ + w. ~ "" Itlit h , -. ~ 'T t-+'- .-.u -- --
f!. · It-" ~ 'i I:i . ttl ft: t :t m rt+t . . ' I:ti . t u.:. i-'-" itt:- ..;:t:t:: I-:!:tl= ~ t+'" fFl r;::- ~ Ti-~~ H :g: ~tr~, -rt H+ rt~rwt :.rT~~ f++ --+ +t+t :++- -:r: .. -t-r-~f:::-;.... :CJ:!:l 
$~:J ~.fj ttt±. - ~ ~ Hm - ~* r-':: I ~".;-; i-ilF;:ffi r+i ·, ... .;t:rtP:i 
'- .. p I!; tttt Tlttt U-fl:f: [Ii .j·1-'rti:; 
~ F'~'.' I l~~ u. 14+ rJL fIR- ~· r ~+:+. . ~ . ~tL tii- t ''!" ~ r L!:;i.~ W tIl t +t~ ~...t.'"17t -. H.~ L t-t- ~H r ',. " I l-i-. . . • 1!.J.- ·iT 11\' . , "T ' [- rr '" 1;'-;·14-1 : P-+T~ 
:lrrtt :±t ft-++ ~f+H - rt.' t~~ _ rEt 12. I , I +rTf t;rt-fL! It l.1~ +;:!:!:i=11 . ~ ~~ ttl l..-tt 1- -4 f.H+ :f,;t' p: !Ill ~ , i ""T' "h i...j.... em : 
rt+i~..- . -rt, i+ -: Hi ft btr' rl :fr''''. t +ffi trn: rtm: . I±+I-l -..w1 I +l 
, It'::tt . J ~T} tt:i -th Ii ~i±+ •. r-i+ +rtttt +H f.! ,J.-l-J:t:ttI':-~ i~ ~t::R . ~ f.ii:!:f t 1f1crr :Tfti:ti; + H+ H H+tt:±ijj. . ...t.:-
I± I ' f 
.-TT" 
FF#.~'~ ill %. 
-- .- ----
--r .. - . . 
n-
:.I T""" ;---
:r,:p:;:: 
--'-
~ 
H_+++++++ t+t±.: 1:+1 :t:+>.J. j :c,'it + :l: -~ li::r .1. ..... mr g- ::lfi Itt+ ~; Httjr ~ ~~" .i:+l t~l+: ii o-Lt-tI ~ ~ ~+.---J ~~.+-. . ' ~p:.~ , w -t" '-'_f!::I .t+ -1+ IJ+L · ·t· t~i li H :i L , .ty.. T'+c.!:t . -r---r 
lt~ :t ~ =t= . J- ' tt 1-:1: ,~r: f-Hl:J l!- • ~1f-l: :r~ ~h l{: +~ , :::J i!:W ..., - -·t'-h ;:: t l r.:t:I: ~ri, _'-1. I .tt t+t lh H@ . ~ I tfi:t ., :ttl- t~ cl.: . . ........ -.- 1-++- -t'--
tt.W ~ 11- l:l:t+ ,~ h-+t.+ ff l" i r~ '!:t rrilt ~r:1.tf-' r 't:t e:h LL "Itt 'tr: -r(rr ~! . ,r+ . t h :tTI ·-U.y 1+-' +-r. m~::t 1+ Itu' rr; inn t)t~:-rr!+ f-n _~ t ri ,1: 1 "1'1 -ri1j--!: HI: ;ili-i·:c. ·8 j i-g!~tt ·. t1::!:::-~ .,....'+1+'-~.~ ~=:::::: ~ 
rre:: -'! " r'" r" Y\ ' ,. iH-' ....... rrftf rtl \';+ 'l n" [q=jttl" ·i_f-J.L.· jt'r! t" -I -"r -+n""~ ''''''' r-- -"~ I-4-'- - ~ - I--tTI 1 · 1. I _i, "' I'I' I'!:'" +1'." -, • .. - ..... :.-;.,'- __ .•• _.L .. 1.1.1. -'"' •. •. ~~t·-~ ;- · " b-':" ~---+. - -1- . ' .... t l 'r t 4. 1'1' l I+- -. I I' -••• " ",.. ~I"- .'1 ..... -!...-t-" , ~:"" ... ,....;...-J. . --.......~. f----,.... ~ . ~ ! .. ~~f'f -:. •. tr·· .. -l r' l~ I II., l:i .. ,HI"i" ':r:·,"·:i~r'i H" "I·!tl·,r ::-rG-:B-+·~f .. f-:7;.---' P::: l rT' i=±rt1 
~ji' ..... ; n ~~1 - ', 1 1 ~ .. 'IH I r" 'j' - . [t~ tJ I .~I II! ,I , ~ ·.'t·1 ." 1 'f!: ~ 'EIl . -, t ·· I £1"'1 . ~~"'~1! r~ .. - ~. L --'t 'a:~- - [----'- I " . 'I' I ', 'f" "'1 LI' ' (,, 1 , I' r t •• , •• : ' !' • tt t· I " .Q •••. ='.~ - fI pl ~ 't fLJ ,i I ~ ~ .lt ~ I!1 I' I t; n tf ~~ ~,lI d il I r' i .H ' it:· P.:1 (: ~ . !F t~r 3 .. ; j ':: t :t :t±tt =It.., ... - .~:± ;w:; '2:1- .. _ ::=I I5:~ I - I 
llinl. ·.! ~ 11 [ fU: ·· Wtl' W'i! :[11 .i·l l t UjtWL~~t'· ~JBiJI · .1.:~ :! M·.·t II :h' :J !tt ~ br- l.t p~a~H;i++it ±t::'h i r:;.~ l:':~; ::--'t::::: ::::::.-::::~ : . :....: -._- t:r-.-f t f II 1, 1, 1 I '::! ,1 It' li+h -rii' .. ~ l ' ~ !. , ~r -t:+tt+!=b :±±"1-::: l::: r,: .-::::: ~.;:t±I::..-;: :r:r:n n- FT=- ---1--:::-1-:;:::. h tt nft H I e L t il . _ __ ±L _____ " _ . L .' " ..:fti:t. ....... ~~~ ' ri-- , I:!..! . . =tn. " ~--:- >::- -
Figure 9 .7-8. Total Program Cost (Cum) - ILRV IO -Year Operat:onal Program 
---• zoo 01:) 
;=l Q) 
:So 
l>t'D 
3 a Cl) _ 
~ < () _. 
(l) en ::J _ . 
o 
:tJ:l 
o 
() 
" ~
:t' 
Space D
ivi5iion 
N
o
rth A
m
 
nCrln
 R
o
ckw
ell 
"_~~' ~.. 
.
.
 ,. 
,
,
,
,
'
 
,II' I :: : :, ; 
"
 ! ~: If d t ! Ii I ; jill
,
 i : I 
,'I: 
,I I !,.i II; 
t t Id 
-
+
-
-4--11-"
"
 
·f 
.
,
.
 
I" 
'"
 
,jt 
•
•
•
•
 
It 
I
I
 
"
,
 I_....:..!..~
 
,
 ! :: 
";: 
'r-.
"
 
',
' 
,
 , 
,
 ..
.
 
,:.. 
"
 
' ; 'I 
: I 
! III 'I
' tI
,
 "II ; 'I' J i 1"
 
'i I ~ II' 
i I t I ; Ii! 
,
'+
' 
! If 
"
 
: '
-r;! 
:
':
' 
,
,
'
 
'
:
 
,i,' ' i, !: W
I.: 11 j I 
! j; 
,
 II .
 ,; 
1,,J 
: ~ I i Ii II ! !, 
,:
.llI 
: ill 
-
,
 
' 
,
 
,
 
,
 ! '11
'1 I Pi! 
'" jll 
! I' 
'! II ' 
,
 "
,
' 
"
.
-
.
,
 IT 
-
' 
-: 
.:;:;
,
 
:, 
,:7 
I 
: :
'.
.
 
: 
.
.
 i I! i 
,
 
'.
' q j'll 
•
 [, [ : ii' I [ : ! "
 
.;' 
,': [ !,
 
:
'
 : : 
.
.
.
.
 tJ 
.
"toIIJ 
•
•
 
,,~
. 
•
 
.
.
.
,
 
I 
I'll 
I 
[T 
-it 
j 
'r
iJi 
I 
'!
lt
ll
l
l
' 
It
'
 
•
•
 
I 
'0 
.
.
 
,
 
,
:.t 
¢ 
,
 
:
.;.,
 
-
.
 ,
 
' : 
,
 
"
 
-: 
' 
t: :, 
t U 
;: II 
Ii t fl I II ; It, 
'; 
,
 
': t : 
: "
 I' : 
,
-
, 
,
-6. 
'"
 
~r, 
"
 
"
.
 
"
,
 
'
,
'
 
,
,
'
 
,
"
,
.
 
•
 
.
,
,
' IT
 
.
.
 t' I" 
r I'" I 
,
I
'
 I 
.
'
,
 
1:
"
' 
't', 
--+-1>0"'~
'
~
'" 
'
'''t 
4 
"
 
I
f
 
!J~ 
•
 
.
.
,
 
~t 
o
j 
j 
"
 
I 
'{I
.
 
I 
.
.
 
'
·f
-c
:-i 
:...r: 
.
 
.
.
:
:
 .
.
 ;1. 
J
I
 
•
•
 
; 
II ~I'! 
t!:1liH1'~ ~~ll 
' tl 
Jj:i 
,f 1 ::. 
! ;~, 
~~ 
•
 
'
-J
 
.
.
.
-o"IIIi 
•
 
,
"
 
i 
t. 
.
 
.
.
 
tj 
.. q
.
 ·~tI~~ 
-
.J 
+1'1 
'I' 
'"
 
Jil[
,
 
-
,
 
.
.
.
.
.
.
.
 
"
 
.
.
•
 
,
 
.
,
 
,
't-
"
"
 
,
'
"
 
,
.
 
tlttt;r 
h
'll! 
"
t 
"
 
.
.
 
,
It 
.
.
.
.
.
 
: 
.
.
 
I. 
9-235 
·
 
~
 
en 
o
 
U 
TT" 
.1-' I 
ft-
.' 
i 1-+ 
~ Space Division ~ ~ North American Rockwetl 
i 
L 
iT 
-I" 
Figure 9.7-10. Cost Per Flight - ILRV 10-Year Operational Program 
9-236 
. SD I. Q 5 73 5 
~
 
.
.
.
.
.
 
OQ
 ~ ~ (1) 
-
.
.
0 
-
J
 
~
 
~
 
()
 
~
 
0 
I 
en
 
N
 
~
 
U
J 
'U 
-
J
 
(1)
 
~
 
'U 0 ~ ~ 0.-
\J
) 
..
..
.
 
tJ
 
~ 
0"
 
0 
-
.
.
0 
~
 
I 
0'
" 
U1
 
.
.
.
.
.
 
-
J
 
~
 
U
J I U1
 
Ji
i
'~
 
-
f
H
~ 
-
il
-H
 
ft-
I 
t 
t 
.
-
!l
i 
t
-
t
~
 
t
~
t
 
1~
 
.
.
 
.
.
.
J-1
...t
 
rI
M
,
,
"
f
"
"
,
"
'
14
~'
,"
";
-f
-+
+
·-
·
~
~
...
..6
.~
· 
IW
~
L
-
-
. _
_
 
'
a
. 
.
1 
1
6-L
+"
'
~
4-
-i
6~
'1
1 
.
1 
.
.
.
.
.
.
 
1 
_
 
•
•
 
I
~ 
•
•
 
1 
•
•
•
 
_
.
1
;.
·
 
.
.
.
.
 
1
·
 
.
.
.
.
.
.
.
 
·
·
-
.
.
 
1 
_
o
'
.
p 
t.~
·l 
H
I 
li
r-
l 
~-
rtr
:r 
..
. 
~f1
} 
n~
f 
~ 
.
 :Ifl
r .L
lj'.tit
ffitH
I ~111-
!I 
L' 
.l-l
~ 
I 
~
 
•
.
 
'
"
 
'
r
t,
l--
-
.
.
l
fL
c ·
 
•
 
.
 
"
I
l 
-
,
 
.
 
,
,
,
 .
.
 
-
;#1 
.
.
 
' 
'I 
•
 
~ ..
 ,
 
~ 
.
•
 ~
.
.
.
 
.~ 
'
T 
I 
'
.
.
.
 
-l
~~
~~
 
II
 
i 
"
-
•
.
 
.
r+
' 
c
' 
-
t-
':
, .
.
 
'
"
 
"
 
.
.
.
 
,
 
.
.
 ,
.
 
-
"
.
.
 
-
t·
_
· 
J.,
. 
•
 
l 
.
,
 
If
 
I 
•
 
t 
'
-
.
 
t
.
1 
-~
 
I 
,
1
-
1
.
 
it
-
r-
'
~
 
r
l •
 
t-
I-
f;
 
r
-
·
'
+
f
-
-
"
i
'·
·
·
"
 
r~
-'
 
r
'
t
!
 
•
 
-
to
 
,
.
o
r
 
r 
-
-
.
.
.
.
 
I
'
 
I I 
r 
H
 II
 ~..
. 1
 
: 
.
 
-
-
-
! 
1 
It,
 
cl 
1 
,
L
 L 
h 
r 
r\.:' H
 1
\,
'
 
.
 
t! 
~r'
 .: 
-
.
 
.
 
-
1
-,
. 
I 
'-
1 
-
.
 
-
.
 
-
.
 
•
 
1. 
.
.
 
.
 
-
I 
t.
. 
'
r
 r
' 
,
t 
' 
.
'
 
.
 
.
 
.
 
-
-
-
~ 
,
 
>t
"~
 
ttl 
!J.,
~t 
-
'
1-
· 
·-
h-ll
irtl
m:
L 
ft
 
~
~. 
-l
-'
:;
ft
":"i
·f.
~'-
·V
\
-' 
U-L
;~
~
. 
•
 
·
-
·
r 
·;
"j
tr
i~
 -':
1 
"
 
"
.
 
~4
""
'I
t[
f 
.~ .
.
.
 
r'
·.
 
T"
 
.~l.
 _
 
•
•
.
 
"
ttl
1t-r
t 
•
 
r
·
-
-
S
~
.
,
 -
~-
.
.
.
.
.
.
 
1
-
' 
-
f.-
.
•
 1
, 
,
+
1-
1 
-
-
+
 
c-
:-
r. 
p-. 
-
,
'
-
4
 
f 
•
 
1_
 •
•
 
-
;-
. 
.
.
 
,
 
.
.
 
~.
~ 
Pl';
 ".-,
-~
. 
"
-
r 
·
r
t
f
r
 ..
.
.
.
 
a+
-f'
t~
!-"
 
•
 
-
t
 
.
 
r 
~ r
 
..
 
r 
r 
t"
 
r~ 
t-
r-
! 
~ 
r 
-
-
-
U~
 
-
~ -
-
~
 
-
.
.
.
 
-
-
.
.
 
t-
-
+-
-
-
.
.
.
.
 
.
•
 
r 
t-
-
J. 
-
-
-
.
.
.
.
.
.
.
.
.
.
.
 
.
.
.
.
 
t
·
 
+
 ~1
-' 
,
-
.
 
.
.
 
~ •
•
 1
_
. 
r 
,
,
.
,
.
 
·
1 r
·r
 -
h
' 
L 
h 
.
-
t;
 I
n
 
L 
l-
lL
 . 
.
-
,
-
-
-
-
I 
r'~
+. 
r
·
 
-
-
+
-
'tf:
~.t
: 
~ -
-
-
.
.
 -
-
-
,
tl 
-
,
-
;-
' I 
..-
~ .
-~
 -
1
" 
-
r
'.
 i-
l-' 
rr
-.
,
 
1
,1
-,
 
•
•
 -
.
 
~~
 
'f;
: 
'!:
'-:
Tl.
-~~
~. 
t 
C1'
I~l
j 
·:t
fr~
··
 n
: 
:H
'-
-;
-!
:,
:1
.L
tt
 
.
.
.
 
rt
,
p·
 
;~
tr 
;::
-l~
,~·
~~,
·,t
'-'
-,:
1 
.~
I+
U 
i 
-.;
.q+
!tJ:
i't
i-:
:~;
:tt
tJ 
'T
.~
'~
h
~~
':"_'i
tr
ff
i;
;:
~~
:i
J:
t~
 
•
 
~Tt
 ::
ftt
: 
t'
rI
 
.
 
C'
 
'-
C 
4
'[,
 f--
tr
f+
ll-
H-
.
tp
 
I.
 
t-
rl±
 
~t
hr
· 
.~
 
.
.
 ,
.
 
,
.
It
 
Il-
rr
+
--
ri 
L_i
fl
~~
U 
'
-
1
1 
i-
-'
-j 
L .
.
.
 
-
,
tt 
"
 
.
.
 
"
 
.
,
 
'
r
-
'
-
C
 
"'
II
~ 
n
 .
.
.
.
.
.
.
.
 
~,
 
I 
-~ 
-
0
' 
.
.
.
.
 
-
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 
IH
r+
-tl 
t-+
.
J 
r 
or
 
~
h
 
.
 
_-!.
...
~
 
.
-
t-
'-
-
.
.
.
.
.
 
~
l.
 
,
-
-
~""
:'.
 
:
:
 
.
.
.
.
 !..:
. 
'
-
·
r
i-
· 
.
.
 
,.
. 
.
.
 
,-
r-
.
.
.
.
.
 
"
1' 
'
-
"
 
r-
-
10-
.
.
 
-
'
,
 
.
.
 
1
-
. 
I~I
.,
 '
r
"
 
-
'l--n
 lH
 "
~.
 f
 ... •
•
 
~..
. 
•
 
Li
 ..
 
·
 
·t~
· -
ti
t+
 
-~
11t
f-J
 
I 
' 
I~-
+ 
•
.
 
·"
d
~, 
.
.
 
;'·
lb:
 :
t 
iti+
 r
' 
"
.
 
,
_
I.
 
-
,
 
'.~
 '
T~
 -
h. 
_
 .
.
 
d
' 
",
i..
,
 
..
 
,
 
t
~
-
+
-
:.
..
..
. 
r: 
.
.
.
.
.
.
.
.
 
-
-
-
t 
I-
t 
~1
 
r-
'
~-
H
 
_
_
_
 
I 
.
.
.
 
~
~
_
 .. 4
'
,
 
' 
-
1-
ro
-
+
-"
11
 
r
t
·
 
..
. 
,~
..
. 
.
 
.
.
.
.
.
.
.
.
.
 
t 
L 
' 
.
 
I !:
 t
! t
. 
'I
-
J 
t 
t,
 r
. 
t-
H
' ~
 
r 
r
,
' 
II,
 
r 
L 
'
.
 
,
 
-
.
 
I 
:~lt
4
" 
-
'
 
~. 
.
 
-
ttT
 [
~-
~ 
[ ~
't·
 ,
L
.
 
; 
t~ 
~ I
.
.
.
 
,
 
.
•
 '
.
 
-
I 
•
•
 
,
-
•
 
•
•
 
•
 
.
;
 1.
 
,
 
T 
f,
t'
r-
r-
+
-
r
·
lr
l1
-
tt
~
r 
t
-
.
.
.
.
.
 
'
r
 
'
T
!
-
-
-
J_
!-"
 
Jt
tf
--
r·
·
 
.
-
_
.
_
-
,
I 
,
.
{.
I
r
'+
'-
_~
-'
-.
~L
. 
d
, 
L .
.
.
.
.
 
·T
~
-
·
-
.
-
1-
4 
~iil~ 
1~
; 
~
H
 
f' 
'
"
 
..
 -
~r
ut
'l
. 
~ 
•
.
•
.
 t-.
 
It 
t-
HI
'; 
&
 -
[. --
'-
-r
 
L
_ 
•
.
 
'-
+-
1 
rf
m·:+·
~
'. 
.
.
 
..~
~ 
_
.,
' 
~~
 t:-
' 
'T
I 
d 
•
 .
l.f-
-•
 .
.
, 
d
'
I
'
 
rr
J+
1 
~L
,
.· 
r 
I 
~I 
':1f
rr
~ 
H
 
.
.
 
_
L
t 
'
-
! 
~ 
IrH
it .
-
,
 
I
.
-
'L
 
+
-
'-
t.
 
,
 
•
•
 [!
 
-
<
-+
 
_
 •
.
 
,
·
-
r 
.
'-
t -
-~
 
.
.
.
 
'~
-
tr
i ' 
.
,
.
 
rr
-
1 
I 
+
.
 
f
-
r
'·
 
L 
,
_
l 
f+
 
+
 
H-
l+
1 
-
-
t-
T 
.
.
,
 
~
--
-
'
T
" 
_
I 
t'
"T
' 
~ 
-
'
 
h
-
r
"
-
-
-
,
 
r-
;-
+-
; 
h
I-
-
.
 
-
I 
-
I 
~.
, 
"
 
T 
! 
.
.
 
~
 
t.
.,
 
H
' 
-
f 
t
,
'
 
tT
t
t
-
t
t
 t
~r
f-
1-
.
 
•
 
.
.
 
_
+
 
t...
....
. 
l 
1. 
-
.
.
 
-~
--
_
1
. 
,
 
..
..
 
J.. .
.
.
 
H
 .
.
 
~1
 
j
~
 -
-
r 
.
.
.
.
.
.
 1 
.
.
.
.
 
t
-
' 
0
-
.
+
.
 
·
r-
,..
 
.~!
! 
'-
it:
 +
ti
-!
l.
t-
t'-
!!
 
-
~h
 i
li
~~
 -
~rl
 ~
tn
t 
.
-
-
~&I
~ 
1 
til
-, 
t
P
t
$
+
 r 
+
1-
, 
.
-
.
.
.
.
 
-
-
.
.
 
'
r
.
 
H_,
-:!
:-~
.J.
't 
I
·
 
c.
...
.. 
·~
C 
-
-
1
1
.1
-:'
 -
'
-
,
·
1
 
'm
 ·1
~·
··
1 
"
 
'!~
-4 
l 
i: 
'U
r1
_ 
X
i 
l_:=
 
l"!
;
; 
t4
--
~
:I!
 ;
-
::
r 
~1
;~
: 
-
1:
~ 
-.~
! 
_
 
.
.
 
,
 
~·
::-
;4
tt
.:
: 
.
 
_
_
 
-
: 
-
: 
-=
-~
 -
.;...
..~ 
=-
~.
 
~l
;t
 .
 
_
_
 :~
-:~
 ~
~l
::
-l
~! 
.
 
~ 
~'
T-
'
I,
r
 
tH-
, '
-
tI
T
 
rt
 
1= 
-
+
..
.;
.L
 
r
' 
I 
'
'
'
,
 
.
.
 
_
t 
j::
L.
 
-
,
1
=
 
it.. 
.
.
.
.
.
.
.
 ,
 
.~
I~-
.r
. 
.
.
.
.
 
.
.
 
~~3
i-
_
_
 
F. 
_
.
t
-
_
.
 
1
-
."
 
,
 
.
.
.
 
t-
_
.
_
.
 
I.
 •
•
 
'
r
"
-
r'
 
.
 
: g.
: 
•
•.
 
,.
.,
 
-r.
~. 
-~J
 TI
llleI
·t 
hJ
h-r
~'t
¥lB
.' 
ii'-[
·;-+
h-·_
· 
-
ri
 
H
H
·"
 
t-M
-l~
:-t
~'
 
~ 
.
_
 .
.
 r"
g' 
rI
.·
·~
 
-~
 
.
.
.
.
.
 
r' 
'
'
-
ft
 
!~ •
.
 '
-
_
1
 
rl
r~:
t'I
' 
.
.
 
I.i-
+' 
·
j:1 
.
.
.
 
1 
'1
:~.
:t:
 
:'fl
l-1.-,
+.
 
.
.
!.
..
 
,.
. 
.
.
 II
~·
· 
::r
~ 
rh
-" 
.
.
 
'
1
-'
-'
-.
 
t+
+
 
_
 
.
.
 
_
I 
-
.
 
"
f-
.-:
,~-
;'-
-
I
-
I 
.
.
.
.
.
.
.
.
 
~_
J 
•
•
 
1 
ttr
'~
R.
U-
'i
~"
 
.
 
-
.
 
~,.
l-j
 
•
•
 
t I
 
-
1-
.
.
 
I-
.
.
 
11
 t 
~ 
.
.
.
.
 ,
.
.
 
.
,
 
I 
I.
 ~
. 
.
.
 
_
.
.
 
,
.
.
.
.
.
.
.
.
 
.
 
.
.
 
:
t 
-
'
'
'
-
-
'
·
1
 
' 
-
n
 r
r
 
'"
~ -
-
-
L
-.
" 
_
.
 
,.
. 
L
. 
' 
'"
r 
' 
,
 
-
r
 r-
t
r
 
'
-
,
 
,
t 
t 
r 
t 
!,
 
~ 
~.
 
'
'
-
j 
f-
i"
1
 
r
l"
 
fT
H
 
.l
j~
 
r
' 
.
-
,.
 
_
L 
,
 
,
,
.
.
.
 
.
,
.
.
 
-
'
-
.
 
.
.
-
-
L
.
I
 
-
•
•
 
-
•
 
.
.
j 
,
I
.
 
r
r
'-
i:
!.
~ 
-
ri'j
"
 
·tffiI
H-'
Ir-[ 
1 
W1 
:cJ
tl
$·
l-
~;
"1 
-
tr
;.
:
ff
ii
 
~W
~ -. 
f-
--
I 
.
.
 
u
_
,
 
'-
'-
1+
"
-
.
.
.
 
_
.
 
_
.
 
,
 
r,
 
+
--
"-
1
1
.-
-
j 
1 
,
I-
.-
Sr
i .
L
!-
. 
-
-
.
-
.
 
1 
~
i' 
f-
'I-
L.
. 
"
1
 
-
.
,
'
 
H
-+
T 
•
 
-
~~f
:·t
: 
=
-
ff
i
':"
 
:fl 
11
--
+
+
,
,
·
,
·
-
-
'r:
:.
 
.
 
H
" 
L.
. 
•
•
 
-
;.
. 
r-
t 
-
•
.
.
 
Ii
-'
-
.
.
 
'l
~"
 
.
,
-
+
 
'
1
· 
,
 
t 
h
'"
 
r
-
' 
,
.
.
 
.
.
.
,
-
r
-
-
r
' 
b~
 
"
·
r
' 
-
-
t-
.
.
.
 
-
-
,
-
-
r
r
u
 
t:±
 t
it
r:
::
!"
r~
' 
_
.
,
' 
.
 
~
 
.
.
 
,
 
.
•
.
.
 
t 
'
-
.
 
"
 
.
 
.
t
 
~'
-'
 
.
 
-
•
 
H
 
t 
-
,
.
 
t 
-
.
 
l-
r
:M
 
,.
 
-
.
 
t 
' 
1 
' 
,
 
' 
,
 
-
,
t-
, r
-
~
 _
.
 
.
 
IT
"-
.
.
.
.
.
.
 
.
 
•
 
_
.
,.
.
 
r
' 
I
f--
.
 
-
,
-
,..
 
-
"
 
~I
D:
 .$F
t' .tf.
I~,
t%
 
~I 
~~ffi
' 
ffi 
~l+
 ~
 .'
 
~-t
rr~
~'n
 
rtl
;.[~
· ~
 t'
+~
i 
·
rt
-l 
tL
 
-
-
L.
.-
~t1$
 
-
1 
:t: 
@
 
:.;J..
:.~
; 
-
;:+
::-
h 
.
 
:7~t
 ~
,P 
r~+--
W~ ~
':,
 :
.;~
::
..
p~
 
'~
FF
i
:
j
ll 
•
 
~,
·t
 -
l·l 
r
r
.
 
,
.
 
'+
-r
~"
 
t 
"
 
-
IF
c
l 
--+
~ 
"
_
.
"
~
''
'I
-r
 
+
ir
·-
tt
-,
-·
1
 
:1
.:. 
\ .
.
.
 
_
.
1 
.
.
 
_
.
 
~r
~
~
: 
r
-
"
+
-1
, 
r
r
t
f
,
 
~
I
"
 
'1
-
L
.
 
It
--
"
,
 
f-i-
l .
.
.
.
.
 
n
t~
L 
.
-
w
-+
' 
.
,
 
.
-
.
.
 
,
,
.
 
IT
 
•
 
.
,
 
-
"
-
'-
I--
I 
•
.
 -
>
-;
,-
-.
~ 
.
.
.
.
.
.
.
.
.
 
'-t
1.
~
 j
 
•
 
_
 
•
•
 
-
IT
' 
~--
-; 
,
1
 
'1-!
-tt-
r 
L 
'tit 
ill 
~ 
·_dL
.~-
r+1
 
l1
rr
 
.~.
 ~ .
.
 
_~t
++
-r
 I-
lr
' 
~'I
~;-
r 
~ 
-
+-
'-1
 -
,~
.~
 -
W
 
_
 
•
•
 
-
-
.
-
.
 
~-
~
 •
•
 
j 
•
•
 
r;:
:-
Ei'-T
 
.
 
"
 
.
.
.
 _
 
•
•
 
-
r
r
 
It 
'-
~
r
 
I,
tf
 -
-
r4
-'
-
.
.
.
.
.
.
.
.
.
.
.
 ,
-
~t
 
-
-
,
-
tt
T
 t
rt
T
t-
. 
-
.
 
r~
 -
.
:t. 
-
l-
Tt
t: 
L 
I·
:~
 
-
_
.
-
"
 
~
-
.
 
I.!
.. 
.
-
.
.
 
r
' 
.
 
•
 
,
 
'
1
" 
-
·
·
,
.
il+
 
f-
I~
I-
p,
H
-
c 
T
t+
j+
 
,
 
.
-
.
1
-'
-
t
~
.
,
 
.
.
.
 
-
~..
, 
H~
' 
-
-
.
.
.
-
.
 
-
; 
-
'
·
i·
 
1'
1 
'
1
-
-
'·
' 
-
r
-
.
 
-
-
-
-
.
J.
' 
-
"
 
t 
L
. 
-
1,
,
,
+
1,
,
 
't
·~
· 
It
-'
-
'"
tH
--I
~ 
-
4
-1
 
,
+
, 
r 
.
1
1
.,
 
h-
-"
 
,j
~ 
L
,
'-
I
T
' 
.
.
.
.
.
.
.
.
 
,
+
T
t,
' 
"
1-
--
' 
:-
/-<
....
.. 
-
-
•
•
 ~-
1+ 
1 
:m
' -;:
r:'
 
~L
 u±
imr 
TIT
 l,'T
trt
ffil
 m
ti .
 
Lth
-' 
tJ
t 
+
 ~
 
rj-
L::r
.:. 
-
:..
0 
~l-
--
m.
t ':E
f' 
~1
 P'
 ~
 ·
u
t 
t:~
H-
~ r
r
' 
_
.
 
f-r
r_
. 
t 
'jjr-
, 
41
-1
::
-!
:!
+.
I 
~~
r[ 
;J
 
I 
'T
 
.
.
.
 t
i-l
l 
~r 
-
:
L
IL
;1
1 
I 
:: 
H-
iF1
T~
-r
-
·~
~~
:L
. 
t!
~ 
1
rt
r 
-
-
rt;
::r
 :"
"!-
.t 
r;-~
 :
:~
~:
 
'
~
f
 
l"
 
-
_
.
j 
IT
t-
tt
 
'
fi 
,
t
 .
.
 
r±:
:J 
'
1 
:r
 
n~
T 
t-
:' 
'
r
 
,
 
~-
t·
tt
-
~
'
t
r
I
J> 
-
.
 
.
.
.
.
T
· 
r
"
 
I-
H: 
-
rt
l 
.
 
tn
 
k1.~
~ 
1·
:r
li
:.
·.
1 
t+
.
 
i-t-
c 
-
r 
rt 
t±~
R;.
!:j 
1=
1=
'~
 
1_
 
lI
j-
-
1.
 
~ 
'-
w
:-;.
.: 
-
;-
r
t.
-
-
.;
:.
n
: 
tt-t
 ~
:-.' 
fl,
: 
::t
p: 
:.~
;.t
:~ 
: 
ct· 
-
rt
r:
 ~ 
'ro
-; 
V!
t~
; -i
TT
 
~t
f-l+ 
+
 
~-I-
~trt
:tH
-'"::
r =8
= 
rf
 
H-
tiT
 
f-£Fh
~ 
r~t 
t: 
.
.
.
.
.
 ~ tT
~ 
,
 
-
.-
s=
1J.
 r
rt
:.:
t:;
 f-
-r.
~:i
f-r
$:t
=::
r -
H
l1r
 !
::.
! 
FH
 
~I I
~
" 
T 
~f
mt
 I r. 
.
•
 
-
-
T
W
' 
~'~
a+ 
'
r
 •
•
•
 \ 
T
r'
. 
.
.
 
~
 .J-~;
 '
-
'
-
-
sr-
t r-
r
l 
+
 
r-
•
 
r 
~ 
1-'"
,
 
.
j.
..
 
•
 
•
 
r 
.
1
>
'-
•
 
t 
h-
-
t
 
-
:-;
-i-
+ 
~
 
.
 
I~ l-
Ii
 
r
1
' 
r
' 
.
.
.
 
'
.
,
 
1 
f+
 
If-
+-
'
,
.
 
•
 
r 
~
. 
,
 
r.
-l
 
-
"-
t-'-
'-
l-
.
.
.
.
.
.
 
.
 
.
 
I
''
',
 
t 
-
rR
-L
 
~ 
Ci~
+ri
~ 
i 
.~r 
,_
L
 
.
+
 
,
L
 
--·
rt~
 $
. ,
-
'-
. 
3il
 ~+
h:j
:~'
t 
I·
 
.
.
.
 
~ 
-
r 
: ~[
 ~ 
r; 
1 
r 
11
 
-
@
 
r 
'
_
.
 
+~
1t
 r;
£ 
i 
:±t
:t~
 W
 ~: -
!: 
~ 
'fJ
~..
.; 
-
, 
~l::
~ t
tt
: ;
:tt
LE
 ~ 
~?
.I
 '-t
 
+
T 
.
.
olT
r 
9:t 
~
F t
 
t:tt1
. 
h 
,
H-
-
+
 -
I 
~f 
-
ff
r 
=
rl-
titt
t 
'-
I-
-
I-
-
•
 H
 
,
 
ff
i rf
ttt-
-
-
~ 
~t 
:rr
 
~r 
rtt 
ft-
t:L
U 
-
r 
~ 
I ±
+-
1-
h-
1:
+'
 
:th
 ~~
 
1+
 r
tT
hf
 
~rt
tl
* 
-r±t
~~
 I
-
-
r
t 
:+
 
t 
b+
H
t:
i 
-
iJ 
rt-J
i 
,-
P 
I 
::t 
4=
<+
 
.
+ 
'J
J 
Lf 
~ 
Lt
++
 i
-
L
;
+
!-
r!· r
 ... 
rr
rr
 -
I.
l-
L
 -:
 :
!".
 
f-'-1
1+ 
!"
f 
Ji
~ 
i 
e'
 
-
'-
t 
~
 
Yt
·1
t
•
 
-
r 
+
 
11 
"
 
~ 
,
 
"
$ 
~ q
=l-
~
.~ 
~t 
T 
Lf 
f-J"
nt 
lA
 
IT 
•
 
;-
t 
'eH
 ~
 
il:i
' 
,
 
lr~
~ i
1-
~r 
~. 
+~i
l~,
~ :
~1 
~;rt
~tr
1-
t:t 
+
 
+
 
~8
1I
 
f-t+
 
r-r
{t1-
~i.
 
-
r;
 
::~
 .
t 
f:j+
 ~+
tt-
r~
~h-
T-I+
 
:I~~
~
 
I~H
~
t1m
Htt
!1.
:s.
~tj
·ri
:tL
I1f~
n~
·~~
;U-
~tt
 
R-
t 
~tt?
trt'
·rtT
h 
Wl
t~
~ 
~~
-
~i
r:
 
:t:
.ll
 
'il
t:l
~
 
'Ffij 
.
j 
1 
~
 ,.~
hr
" 
r 
fr
rj
. 
J.
tr
L 
!-
r-
, 
i-'~l
:±l
lll
i 
p-
; 
,it:
!: 
'
rr
T
 
'T
 
,
I 
-
1
-
:!
-t
-
.
 
-
-
-
-
j.,.
f-4
 
~q
ttf:
! 
~ -
,
.
 
-
l 
+
f-
t"
J 
.
 
~r
 
-
~.
i 
' 
H
' 
~; 
,
.
-
l.
 
rL
 
' 
-
t+
r
 
rr
 H
+ 
.
I-t
 i
o4 
'
t
 tt
l-
r 
hT-
f 
-
~":
~Tt
l :~
t I
I 
m-
~ i
=:.1+
+-=
4~i
l 
~I 
c-:
-r:
 H!:
R,t~
tt 
:-t:
 
'l:
f:r
lt:
:r
 
ft
~ 
~~ L
r: 
~ -
rH
h-
:±
t+
+ 
r 
·r,~
:;' • 
II 
r
r
t 
-
,
,
,
-
-
L~!
ft;
 i
+ 
tIT
 
~I
r+
~l
tt
rr
 
~I
 
-
r
'
t
-
F
il
+
-
jl
,
+
+
r-
-t-
H
-.
1 
~ 
-
-
I-r
l-d
+
i-t
 
~I 
f.1
-'T
T 
·
IH
It
 
-
<
-1
'+
' 
l±
 
i4
t 1:
 J.
'!'1
-f. 
~ff
i I t
+h
 d
 
-
+ 
t:!-
f-t-:=
r~ t 
~m
J~ 
-
iF!
L 
::LX
:;-: 
ct~-
:± ~
 
h
, 
$.
 ~ 
It ~
~rL 
~t 
~t:r
t f
tIT
 ± 
-
4t
i 
~r 
t-; 
t 
Fr 
'
T
n
r 
1~
I1
.r
:f
n~
m~
1i1
 
~I+
 
r~
l,
-fl
'+
 
"
R
-,
iH
I·
 
.
 
r 
4
r,
,·
 
l±
 
.
-
.
 
r'
-I
q
.
l 
:t±
-I 
!l
L 
1+
 
=il
l-t
~~J
-~
!l$
~ 
l 
+i-
r 
H-~
~ t 
i$ 
-
:S#
 
I~~ 
m
 t~r 
'
T
 
-~
~~
M 
Jil
~~
~ijt
± ~
 r 
H-
rt 
~j
~F ~
~ 
- ~I-
~i 
tl
i'
 u=
 
-
iLl
 lt1
r
:8. 
tf 
:t
 ~
 
H
 It
t 1
;-
I~
 
.
 ~
Itt
 
~
 -r
~ 
f-W
-
E r
;EJ
-I.
f~"
 1
4-'
~l~
i1t
~ 
I-
~ 
fft 
\1
. 
11 
,-
..
..
 
r 
t 
1 
H
-t 
J. 
.
.
.
 
.
!--
-
.
 
-
-
-
r 
~L
 
-
"
+
r"
 
_
_
 
.
 
-
.
.
 
-
~
~
 
1-
-
-
1
"?
""
 
f'"'.
H
 
-
-
r-
I-"
! 
~ 
~
..... 
..
~'
.-
t-
t 
1-
L 
jJ-
i' 
'
I
t
 
,
_
.
 
tI
T
 
,
r
; 
.
-
~ [
l 
-
r
 
t±
rt
":
H
I-
t-
t 
~t 
.
'-
..
. p
-
' 
•
 
t;:
I 
.
l-
. 
t-
-
.~~
~
:.t
rr 
·
-
t.
·
I-
·,
..
 
•
 
~r 
.
 
tl
·
!-t-
+. 
,
.
 
-
"
 r
! 
_
1
-
I 
r 
P 
n
-
I,
 -
.
 
.
 
L.l
. 
T 
-
-
-
-
-
,
.
.
 
_
,1-
1-
-
t I
 •
 
U
 
-
'-
+
-
r~
" 
.
 
.
 
-
1-'-
~ r
r-
-
.
 
.
•
.
 
,
C
j-.
L.
.
 
'
-
-
.
 
rl
-
'1
,. 
i+
 
.
.
.
 
~ 
,
! L
 •
 
L 
t 
t 
~~'
'-'
 
f 
1
"
'
"
 
•
•
 
-
~
.
.
l
-
~ 
l.
 
t·
i-
. 
r
-
-
+
·
 
-
,.
. 
-
'
-
r
-
r-
-r
-'
-.
'~
" 
~rT
·;-
'P"
 
t 
~ 
,
.
,
.
 
-
:-
1'
;-
It
 
.
.
 [ 
~ 
;~Uj
ll'
~' 
[tfi
TI+I
~tlt
-~ 
tL
., 
,
,
11
 
I.
t-
+
 
p--!
lli 
.
t ..
 
-
'
r
 
1-r'
~~I-
rf.;
, 
-~, 
Liit
tt 
~~.
~f'
 .
.
.
 
h:~
 l
' 
f·
' ~
:H1+-
!lW
 f-b
 
~t:!. 
~·l
fjl:
f 
'
f'
 
t
:
t
:
:
 
If 
~r: 
H
1
1
1
'"
 
I-r
l 
.
.
.
.
 
'-
'-
I
I
,
.
 
tir-
t.r
IT.
i·~
...
ln 
·
·
t·
or
'"
 
t·
 
-~
··
rr
 
.
-
r·
 
',
-
1-
-
~r 
~
,
lr! •
 
.
 r 
.
,
 
~,
"-
. 
f-
r 
f 
~ 
h
-
. 
"
 
r r
!-
-
I-
-
r
 
I 
~ I 
•
 
f-j 
r 
rf 
-
1-
~!-
.
 
I,
 c
rr
 
~ 
"
T
 ,
_
.
 
t
,
·
:
1:
' 
.
 
~
!
 
H:
 
tt
 -"'
1-1
 
r 
I 
,
 
f
H
t
 tt
 
:rt
~~ 
'4~
Fl=
t 
t 
±.
1-
~ 
Ht-
rr
'~ 
L!
+.
 
~:...
-+ 
i }
t.t
f 
'I~
 
~I
~
!
-
·
·
1 
~~
 ~ 
.
:-r
+ 
"
,
.
 
w-
-~
t-
t 
ii:
;t 
l,·
·ll
it
t 
c
it 
:r
 
IH
-q
 
t:r
.r 
U~.
L 
t q
. 
=
ht-H
. [
+-t1
 ~ ~
 1 t
;t 
~L 
rH
n f
 -" 
!~L
~::
} 
.
 
:tn
~tF
 ~ 
~pf
 ,r
.:-
:~~
 Ir~
i-H
"-t 
~tt
rtln
:~.
 r1
4 -f
-t!.
 
rilr
~:H
 t~
 1"
 
Jet
: £
.:
$ 
Irt-
''''' 
~:J
-I-
I-l
,.J
t.-
rl 
'r
r'
f~
 
r·
"I
-f
rj
-T
-r
'
~.
#'
''''
IIl
flr
tl
~f-
+ 
r 
f-
r'
. 
s
n·
:L
'~
 
J
.-
ir
rr
·
-
'
 .
.
.
.
 
r.
aE
EL
'-
-·
~f
 ..
.
.
 ~--
' ... 
'-
.
• 
-
II
L
lt
t+
 
t-
.
.
.
 
-
4-4
 t 
•
 
-
-
-
:-
-
j"
T
 
,
 
.
.
.
.
 
,
 
r 
r 
,
 
r ~
+-
--
---r-
~.
 "7
"t 
l 
'
r
-
_
.
.
 
.
 t" 
-
-
-
-
-
4-
r-
f 
L
. 
-
-
-
t-
l 
l
'
 
•
 
-
-
'
 
1-
~ .
.
 
,
 
•
 
-
r 
r-
1 
!.. 
-
:-
.
.
 
-
-
.
.
 
f-
!, 
ttt~
 ~ 
~ 
Ir
q
 
t 
t::
:-i
r-.
 
.~-
, 
~~it 
tU
L
r 
J
."
 '-
I~ 
.
1,.
. 
~ 
I 
HJ:
 
!-
-.
" 
.
 
c
' 
r~;-
l 
-
1--
., 
d
'
 
·
.
t
-
h
-
r
 
t •
 
.
,
.
 
t.
 .
.
.
.
 
p
. 
4. F
 t
'T
[ 
t'
11 
l"
 
,
 
It 
I 
'
·
rl
 t
 
I 
I 
CT
'r
r
"
 
t 
I 
·
r
tH
-r
 ,
-
tt
 
"
,
·
1 
-
r
 
Ir
-
.
.
 
f
-
,.
 
r
,
=
t·
 
1
+
+
 
d
· 
·
"
-
'
-
H
',
 
.
t>
 .
.
.
•
 
-
r·
· 
'it
-
I~
r 
H
--
; 
'
1
 
P"
r
"
 '.
 
IJ'tl 
wI 
~
F.
-r 
u
' 
m
 
r
'
l
•
 
'
I'
t· 
+
i 
r
-
'
.
 
i· 
-
rr
-.
tt 
~lti
 
,
l 
ll
+
t 
ij-
w+
-"'
-' 
··l·~·
 -,
' 
t-l
l:r
~rl
r~Lt'
 -r
L'
~ 
-
,
-
+
, 
·
·
rt
 -
fit 
'lll
~fl
'··
 
I
,
 
tF.
;~E'
1 
r 
I
!
 
+
 
[.
" 
'
+
l'
 
f'
''
~'
 
l
l'
:i
rT
I 
U 
-
.
 
I
t'
"
 
~~ 
T 
r 
't
~ 
'
H
 
+-"
'H-
tL
 
~~
r 
~H
 
ll
U
 .
.
.
.
 
'
I
-
.
 
r+ 
r 
.
:r
::
[ 
Jr 
I l
i 
i 
"
 
t+ 
tl-
d 
I 
inF
 -~
lt~ 
Ir
 r 
-
f.t
 ,_
::r
 
q 
IH:~
 ~t
 
j
.
 
;d
 ·
1 
=
t 
-~ 
~. 
rir
!-P
 ::
,~ ~
I-
rLl
J~r
~ 1
-:.
,
 
~~~
 if
: 
~ 
.
' 
r 
.~ -
tHt
 
II~
[ 
L I 
J!
~f
::
:H
 
Hl
i:
~
~[
 f
H!
lU
r 
l~r
r~
~~
ii
tt
~-
:-
rl
 rl
:t~
l-l
i; 
H-
f-+
 
r·
H-
H-
' 
a
)::
+t:
 
~Ff
tl+
trr
~H+
t-
l~
tl
lto
tI
AA
+f
ti
 
~Il
 t
h=+
F~~
t; 
~f
:. 
:-,
;' 
_
'f; 
n
iL
 
1-
HJ.
H
 ±H
I:-
~i
 Jir
-r
H-
±+
 K
I-H
HI
-
~ln
~t+f
:rH
+t 
r-*
 n
tf
 .
.
 tt-
l~f 
rt
 
:r
' 
·
-
IH
 
.
.
ttT
+r
 
+
W
-l
lJ
-U
±
t±
·q
·
H
 +
++
 $:
lr 
:~g
mt
l+
 
+
 tl 
~iji
:Jt+
m 
~
 
•
 
Z
C
J)
 
o
 
"
0 
;::+
 
t'
) 
:
In
 
~
m
 
'3 
0 
ct>
 
_
.
 
::
J 
<
 
£ 
iii'
 
::
J 
c)' 
:I
J:
:J
 
o
 *
 
~ 
-1 
'-t- .I-t 
~ I++H 
1 1 :~ h ~ 
I· 
-t 
I HoW , -L '-'"-' I I ' I' IT 
. I rrt+ ~-t-
j I~..:; -H-
r-r r n';::t: :'1 
-tf ~u_ • . 1+ : I 
1-1+ H-
ft-t 
~h l t..J-.'i: 
~t +~ In-H 
t:t l=t rl. I ~ : ~ f7 h-
r:I 1J. p; h 
H- H- ~ f:ttc 
~ + :+ -I-
I~ 
Iii 1+ 
:-f-T t •. 
r-i: . 
--I 
:-c.p , 
41~ Space Division .,.~ North American Rockwell 
Figure 9.7-12. ILRV Cost P er Pound in O rbit Ve rsu s Cargo Utility 
9-238 
. 
